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“ The men who begin with Bpeculation cond end with facts begin at the wrong 
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PREFACE. 


Thb term ^ Silurian/ when first applied by me in 1835 (and in my large 
work, entitled the * Silurian System,* completed in 1838), was intended to 
characterize a great natural system of ancient deposits which had not 
before been classified, and the type of which was found to be exhibited in 
Siluruiy or the country of Caractacus and the old Britons known as 
‘ Silures.’ The name of ‘ Siluria ’ has also been given to the preceding 
and present editions of this volume, descriptive not only of the Silurian 
rocks, but all the Palaeozoic deposits, from the earliest in which traces of 
life have been discovered. The important additions made to our knowledge 
respecting these ancient deposits within the last eight years have induced 
me to prepare this new edition, in which, by the use of a smaller type, a 
great amount of new matter has been included without increasing the size 
of the volume. 

The most important of these additions is the discovery, made by Logan 
and his associates in British North America, of an organic body in the old 
gncissic Laurentian or bottom -rocks of that region. The existence of 
these, the most ancient of all stratified deposits, beneath the Cambrian and 
Lower Silurian rocks of the North-west of Scotland, as first proved by my 
own labours, was announced in the last edition, when it was illustrated by 
the coloured Frontispiece now reproduced. 

The early portion of this volume has been (mriched by knowledge 
derived from Professor Kamsay’s work on the Geology of North Wales, 
wherein that author and his associates of the Geological Survey have, after 
long and skilful researches, most successfully developed the details and 
structure of the most complicated and diversified of all the Silurian tracts 
of Britain. In the same volume Mr. Salter, who aided me so essentially 
in bringing out the earlier editions of ‘ Siluria,’ has, with his recognized 
ability, described several new species, the position of many of which he 
had noted in situ. 

The very remarkable work by Mr. Thomas Davidson on the Silurian 
Brachiopoda of Britain, the residt, like several other of his publications, 
of many years of matured and critical study and comparison, has already 
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been of great service to me. This work, when complete, will leave 
nothing to desire in respect to this great division of the British Silurian 
Fauna, — a group most useful to the field-geologist, who must ever be to a 
great extent dependent on this class of fossils, on account of their more 
frequent occurrence than other animal remains. As founder of the ‘ Silu- 
rian System,’ I naturally feel highly honoured that Mr. Davidson should 
have dedicated this work to me, and that he should have invited me to 
write an Introduction to the Monograph published by the Palacontogra- 
phical Society. 

The last volume brought out by M. Barrande has prominently exhibited 
the skill of that eminent palajontologist in the great additions ho has made 
to the number and variety of forms, particularly of the Cephalopoda, in his 
rich and classical ‘ Bassin Silurien de Bohemc ; ’ and it has therefore been 
my earnest endeavour to do justice to the highly valuable additions made 
by him. 

These labours of my cotcmporarics are about to bo augmented by a 
comprehensive and very useful publication of the veteran geologist Dr. 
Bigsby, who, with unwearied assiduity and acumen, has tabulated the 
results of the labours of palaeontologists of various countries, and combined 
them with his own extensive observations on the Silurian rocks of North 
America, in his work ‘ Thesaurus Siluricus.’ 

The mere mention of these productions indicates the large additions that 
have been made to our acquaintance with the animal life of the remote 
Silurian era. These works have naturally cheered me, inasmuch as they 
one and all support the name and classification which I proposed so many 
years ago, after long researches in England and Wales. 

Numerous other imj)rovcments have indeed been made in this edition 
of ‘ Siluria.’ Among the most notable in respect to England, arc the 
proofs, as established by Professor Harkness, that no deposit in the slaty 
region or Lake Country of Cumberland is of higher antiquity than the 
Lower Llandeilo formation, though the previous belief was that the oldest 
of those rocks was more ancient than anything Silurian. Again, large 
tracts in Westmoreland, previously mapped as New lied Sandstone, arc 
now classed with the Permian deposits, as proved by the researches of 
Professor Harkness and myself. I have further endeavoured to synchro- 
nize more perfectly certain rocks in the south-west of Ireland with the 
Lower Devonian rocks of West Somerset and North Devon, and have, as 
formerly, referred what used to be called the Old lied Sandstone by Sir 
E. Griffith and the earlier geologists in Ireland, to the upper member only 
of the Devonian or Old Red system. 

The Permifin rocks of Ayrshire, the Scotch Coal-fields, and the structure 
of the Pcntland Hills, have been elucidated by the recent researches of Mr. 
Geikie, now Director of the Geological Survey of Scotland, as shown by 
his descriptions and sections illustrating this new edition. 
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It is Tinnecessary now to repeat the expression of my obligation to various 
persons who assisted me, cither in the preparation of the ‘ Silurian System * 
or the previous editions of this work ; for allusions are made to them in the 
body of the text, and these things are now part of scientific history. 

I have, however, a grateful and essential duty to perform, in stating that 
on this occasion I owe most to my accomplished friend Professor Pupert 
Jones, who has indeed been of vast service to me, as a well-read geologist 
and palaeontologist, and without whose skilful editorial aid in the prepa- 
ration of this volume many essential additions would have escaped me. 

To Mr. Eobert Etheridge, the Palaeontologist of the Geological Survey, I 
am also largely indebted, not only for the sup2)ort which he has given to 
the Devonian classification of Sedgwick and myself, by his Memoir on 
North Devon*, but sj)ecially for having enriched the Table of Fossils in 
the Appendix, originally prepared by Mr. Salter, by the enumeration of 
nearly three hundred additional British species, many of them having 
been determined by the last named author. Mr. Etheridge has also, 
throughout the work, assigned their present names to numerous fossils. 

The reader will observe that, in the Tabular List of Silurian Fossils, I 
have used the term ‘ Primordial Silurian,’ instead of ‘ lingula-fiags,’ the 
latter having only a local English meaning ; and as Lingulae occur in all 
formations, from the oldest Silurian to the present day, I have ceased to 
use the name : moreover some of these old Lingulidae are now regarded as 
not being true Lingula). The term ‘ Primordial,’ first applied by M. Bar- 
randc to the base of the Silurian scries in Bohemia, has thus been adopted 
as generally meaning the lowest Silurian zone, whether it bo applied to 
the Alum-slates of Sweden and Norway, the Lingula-flags of Britain, or 
the Potsdam Sands lono of North America. 

In noticing the advances made in other countries, I have to acknowledge 
the more exact determination of Palmozoic rocks in Spain by de Vcmeuil, 
the late Casiano de Prado, and M. Collomb, and of the older Palaeozoic 
rocks in Norway by the last researches of Kjorulf and Dahll ; also many 
contributions by de Vemouil, Barrande, Logati, Dawson, Helmersen, and 
other CO temporaries. 

In the Chapter on the origin of Gold in the crust of the globe, I have 
been furnished with new data as respects the two great auriferous regions 
of Australia and America — the former by Mr. Selwyn, and the latter by 
Mr. Da\id Forbes. On this head, although I have had reason to modify 
a broad \dcw put forth in former editions, yet I sustain the same leading 
opinions (is before concc'ming the origin of the noble metal, its main per- 
sistence in certain rocks, and its absence from all unaltered Secondary 
rocks. In some conglomeratic Tertiary deposits, however, formed out of 
auriferous Palaeozoic rocks, gold necessarily occurs, just as it does in more 
recent alluvia. 


Read before the Geological Society, Aitril 1867. 
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In regard to the general Palaeozoic Classification here put forward, I 
gladly avail myself of the opportunity to acknowledge how much I have 
been gratified by the perusal of the recent work, ‘ G^logie et Paleonto- 
logie,* of the Vicomto d’Archiac. In that truly philosophic history of the 
progress and actual state of our science, M. d’Archiac has clearly indicated 
the value of the step which was gained by reducing to method and order 
the former chaotic assemblages of rocks which passed under the names of 
‘grauwacke’ and ^transition’ rocks — an effort, let me say, which could not 
have been successfully carried out and applied to great foreign regions 
had I not been so well aided by his associate in the French Institute, my 
valued friend de Vemeuil. 

Lastly, after taking a general view of the history of the different races 
of animals which have succeeded to each other during all geological periods, 
I have, in the last Chapter, added a brief sketch of my long-cherished 
convictions respecting many of the former physical and mechanical changes 
of the earth’s surface, as contrasted with any movements which have taken 
place in historical times. This, however, is a theoretical subject, on which 
differences of opinion necessarily exist. The view I take of such physical 
changes is, indeed, entirely apart from my main object, and may either be 
adopted or set aside without affecting in any way the truthfulness of the 
Succession of Races in Geological History as described in this volume. 


July 10, 1867. 
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NOTICE. 

(TO PRECEDE THE FOURTH EDITION OF ‘SIDURIA.’) 


The reader of this edition will find that a very important change has been 
made in my views as given in former editions, respecting the age of the 
Upper Sandstones of Elgin and Ross-shire, which I have hitherto classed 
with the Devonian or Old Red Sandstone. My previous conclusion was 
founded entirely on the strong natural evidence presented, to me, by the 
conformable superposition of those beds to the strata of the inferior and 
unequivocal Old Red Sandstone replete with its well-known fossils. This 
opinion was confirmed by the examination of the rocks in question by 
Professor Ramsay, Professor Ilarkness^ the Rev. George Gordon, the Rev. 
J. M. Joass and others. 

The existence, in strata of Devonian age, of reptiles of so high a class as 
the Telcrjieton (sec fig. 73 in my last edition, p. 289) and the Stagonolepis 
was not, indeed, admitted by me without great reluctance, inasmuch 
as, if eventually substantiated, it would have weakened the main argu- 
ment that runs through all my writings, which shows a regular pro- 
gression from lower to higher grades of animals, in ascending from the 
older to the younger formations. Most joyfully, therefore, did I welcome 
the remarkable identification by Professor Huxley of the Hyperodapedon 
of the New Red Sandstone of Warwickshire with the Hyperodapedon of 
Elgin ; and bowing, as I have always done, to clear palaeontological proof, 
I have now excluded all that portion of my former editions which placed 
these reptiles in the Old Red Sandstone. 

The importance of this rectification, due to my eminent associate, has 
very recently received a wide extension ; for among the fossil remains 
collected in India by the late Rev. S. Hislop, Professor Huxley has also 
found the Hyperodapedon. 

The formation in India containing this reptile has been considered by 
Professor Oldham, the Director of the Indian Geological Survey, to be 
either the Trias (New Red Sandstone) or the representative of an intermede 
between the Palaeozoic and Mesozoic rocks. In all probability this cor- 
relation will have to be extended to South Africa, since one of the 
characteristic fossil reptiles of that country, the Dicynodon, has been found 
in the Ranigunj beds of this age in India. 

I take this opportunity of further stating that I have not adverted in 
the Preface to a great number of important additions which I have made in 
this edition ; they are, in fact, so numerous that if a smaller type had not 
been used, the work would have been swollen to an unreadable size. 

RODERICK I. MURCHISON. 

Oct. 30, 1867. 
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CHAPTER I. 

INTRODUCTION. 

A GLANCE AT THE PROBABLE EARLIEST CONDITION OF THE EARTH. — STRATIFIED CRYSTALLINE 
ROCKS RESULTING PROM CHANGES OP SEDIMENTARY DEPOSITS. — THE SILURIAN SYSTEM 
ESTABLISHED AND EXTENDED. — THE LAURENTIAN THE BASE OP PALiEOZOIC ROCKS IN BRI- 
TAIN AND ELSEWHERE, — THE EOZOON. — GENERAL PALAEOZOIC SUCCESSION. 

The earliest condition of tlie earth is necessarily the least susceptible of 
investigation. The favourite hypothesis concerning the primary state of 
the planet, founded on astronomical and physical analogies, is, that it as- 
sumed the form of an oblate spheroid from rotation on its axis when in a 
fluid state. Reasoning upon this idea, and looking to the structure of 
those rocks which either lie at great depths or have been extruded from 
beneath, the geologist has inferred that the crystalline masses, including 
granites, which often protrude from below all other rocks, constituting 
possibly their existing substratum, were at one time in a molten state. 
The theory of an internal heat, at first sufiiciently intense to maintain the 
whole terrestrial mass in a state of fusion, but subsecjuently so far dissi- 
pated by radiation into space as to allow the superficial portion to become 
solid, has been adopted by the greater number of philosophers who have 
grappled with the difficult problem of the primal state of our planet. Most 
of them likewise have believed that all the great outbursts of igneous matter, 
by which the crust has been penetrated and its surface in great measure di- 
versified, were merely outward signs of the continued internal activity of the 
primordial heat, now much repressed by the accumulations of ages, and of 
which our present volcanos are feeble indications. If, then, the mathe- 
matician has correctly explained the causes of the shape of the globe, the 
geologist confirms his -vdews when, examining into the nature of its oldest 
massive crystalline rocks, he sees in them clear proofs of the effects of 
great heat and pressure. The breaking up of the original crust of the 



SILURIA. 


[Chap. I. 


earth was, we may believe, marked by intruded masses issuing, at least 
partly, in a melted condition, and often constituting the axes and centres of 
former mountain-chains very different from those which now exist. Each 
great igneous eruption gave out substances which became, on cooling, solid 
rocks ; and, when raised into the atmosphere with the associated meta- 
morphosed strata, they constituted lands afterwards exposed to innumerable 
wasting agencies, thus affording materials to be spread out as fresh de- 
posits upon the shores and bed of the ocean. In these hypothetical views 
concerning the production of ancient sediments formed under water, we 
s(U‘m to reach a primary source, and, once admitting that large su])erficial 
areas were originally occupied by igneous rocks, we have in them a 
basis from which the first sedimentary materials may have been obtained. 

The earlier eruptions accompanied elevations at some points and col- 
lapses or depressions at others ; these changes of outline, aided by the 
grinding action of waves, would occasion the formation of bands of 
sediment, which, adapting themselves to the inequalities of the surface, 
must have been of unequal dimensions in different parts of their range. 
In this way we may imagine how, by a repetition of the processes of ele- 
vation and denudation, the earliest exterior rugosities of the earth would 
bo in some places increased, while in others they would be placed beyond 
the influence of sedimentary accumulation. We may also infer that the 
numerous molten masses of great dimensions which w^ere evolved from the 
interior at subsequent periods must have made enormous additions to the 
earliest formed external crust of the earth, and have constituted grand 
sources for the augmentation of new deposits. 

Turning from the igneous rocks to stratified deposits, we now know that 
vast masses of gneiss, micaceous schists, chloritic and quartzose rocks, clay- 
slates, and limestones, once called ‘ primary,’ arc really of subaqueous origin. 
Many of these, indeed, are nothing more than sediments of various ei)ochs, 
which have been altered and crystallized long subsequent to their accumu- 
lation. This inference has been deduced from positive observation. A 
rock, for example, has been tracked from the districts where it is crystal- 
line, to other spots where the mechanical and subaqueous origin of the 
beds is obvious, and from the latter to localities where the same stratum is 
wholly unchanged and contains organic remains. Transitions are thus 
seen from compact quartz-rock, in which the grains of silica arc scarcely 
discoverable even with a lens, to strata in which the sandy, gritty, and 
pebbly particles bespeak clearly the original accumulation of the mass 
under water. Equivalent passages occur from crystalline, chloritic, and 
micaceous schists into those clay-slates which are little more than con- 
solidated mud, and from crystalline marble to common earthy limestone, 
in which organic remains abound. This kind of metamorphosis compre- 
hends such changes, for example, as those by which ordinary limestone 
has been converted into dolomite and sulphate of lime or gypsum, — also 
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shale into mica-schist, as seen in the Secondary and oven in the Tertiary 
rocks of the Alps*. 

Elementary works, indeed, will have informed the student that such 
mutations of the original sediment have been generally accounted for by 
the supposed influence of great heat proceeding from the interior of the 
earth, and which at different periods had manifested its power in the erup- 
tion of granite, syenite, porphyry, greenstone, basalt, and other substances 
formed by fusion. Let it, however, be understood, that the prodigious 
extent to which the metamorphism of the original strata has been carried 
in mountain -chains, and at various periods through all formations, though 
often probably connected with such igneous evolutions, must have resulted 
from a far mightier agency^ than lhat which was productive of the mere 
eruptions of molten matter or igneous rocks. Many of the latter are, in 
fact, but partial excrescences in the vast spread of the stratified crystal- 
line rocks, — accompanying symptoms of tho grander changes which re- 
sulted from dee])-scated causes, probably from heat, electricity, and pres- 
sure, latertd as well as vertical, acting upon humid deposits with a power- 
ful intensity. 

Processes now going on in nature on a small scale, or imitated artifi- 
cially by man, may enable us to comprehend imperfectly in what manner 
some of these infinitely grander ancient metamorphoses were effected; and 
experimental chemistry, when more extensively applied to the analysis of 
rocks, will, it is hoped, some day reveal still more important truths in this 
ver}’ obscure subject among ancient geological plienomena. 

But speculations on such physical oijcratioiis are not here called fort. 
Tho main design of this work is to mark tho most ancient strata in which 
the proofs of sedimentary or a(iucous action are still visible, — to note the 
geological position of those beds which in various countries offer the oldest 
ascertained signs of life, and to developc the succession of d(‘posits that 
belong to such protozoic zones. In thus adhering to subjects capable 
of being investigated, it will bo seen that Geology, modern as she is among 
the sciences, has revealed to us that, during periods immeasurably long 
anterior to the creation of tho human race, and while the surface of tho 
globe was passing from one condition to another, whole races of animals, 
the several groups being adapted to tho physical conditions in which they 
lived, were successively created, lived their appointed time, and perished. It 
is to the first stages only, or Palaeozoic, of these grand accumulations, 
and to the creatures entombed in them, that attention is now to be 
directed. 

The convictions at which I have arrived being tho result of many years 
of research, I have been induced to give a condensed, and, as far as prac- 

* S« my memoir on the A1 i)B, Apenrum-s, and periodw, will And them well explained in the pro- 
Carpathiuny, Quart. Joum.Geol. Soc. \ol. v. p. loT found essay of the late Mr. William Hopkins cf 

Cumbriflpfe, “ On the causes of chances of climate 
t Tht‘ reader who desires to study the laws by at different geological periods," Quart Journ. 
which the superfleial temperature of the earth has Geol. Soc. Loud. lol. viii. p. 56. 
been regulat'd in the immensely long geological 
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ticable, a popular view of the oldest sedimentary rocks and of their chief 
organic remains, and thus to comprise in one octavo volume the essence of 
my own works *, as well as those of my associates, which have been pub- 
lished since the last edition of ‘ Siluria.’ 

But before any description of these ancient deposits, as now known, is 
given, a few words are required in explanation of those researches by 
which our acquaintance with the earliest vestiges of life and order in the 
protozoic world has been attained. 

The first step which led to the present general palaeozoic classification, 
as admitted by my cotemporaries, was the establishment of the Silurian 
System of rocks and their imbedded fossils. Before the labours which 
terminated in the publication of the work so named, no one had unravelled 
the detailed sequence and characteristic fossils of any strata of a higher an- 
tiquity than the Old Bed Sandstone ; and even that formation was known 
merely as the natural base of the Carboniferous or Mountain-Limestone, and 
as containing a few fossil fishes. Not only were the relations and fossil 
contents of all the lower strata undefined, but even many rocks which are 
now known to be younger than the Silurian were then considered to be 
of greater antiquity. No one had then suimised that certain hard 
slates with fossiliferous limestones and sandstones, which have since 
been termed Devonian, wore equivalents of the Old Bod Sandstone, and 
younger than, as well as distinct from, the deposits of the still older Silu- 
rian era. On the contrary, British authorities believed (and I was myself 
so taught) that the schistose and subcrystalline rocks of Devonshire and 
Cornwall (moat of which are now proved to be of the date of the Old Bed 
Sandstone) were about the most ancient of the vast unclassified heaps of 
grcywacke. In short, the best geologistsf of my early days were accus- 
tomed to look upon all such rocks as obscure sedimentary masses, in and 
below which no succession of “ strata as identified by their fossils” could 
be detected. The result of research, however, has been the development 
of several well-defined formations, all of which, even including the Lower 
Carboniferous strata, wore formerly merged, in Germany, in the purely 
lithological term ‘ grauwacke.’ 

Desirous of throwing light on this dark subject, I consulted my valued 
friend and instructor, the late Dr. Buckland, as to the region most likely 
to afford evidences of order, and by his advice I first explored, in 1831, 
the banks of the Wye between Hay and Builth. Discovering in that year 
a considerable tract, in Hereford, Badnor, and Shropshire, wherein large 
masses of grey-coloured strata rise out from beneath the Old Bed Sand- 
stone, and contain fossils diflfering from any which were known in the 

* Bee ‘ Silurian System,’ Murchison, 1839 ; and t See those classical works, the first Geological 
Russia m Eurmie and the Ural Mountains,’ W Map of England, by W. Smith (1815), the siibse' 
Murchison, de Verneuil, and de Keyserling ; J. quent map of Mr. Greenough (1819), and the 
Murray, London, 1845. Also numerous papers in Geology of England and Wales, by the Rev. W. B. 
the publications of the Geological Society of Lon- Conybeare and W. Phillips (1822). 
don from the year 1832 to 1864. 
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upper deposits, I then began to cleissify these rocks. After four years of 
consecutive labour, during which I received much valuable assistance from 
the Rev. T. Lewis, of Aymestry, and Dr. Lloyd, of Ludlow, and exhibiting 
each year fossil evidences before the Geological Society to prove the inde- 
pendence and succession of the strata, I assigned to them (in 1835) the name 
“ Silmdan,’’ deriving it from the portion of England and Wales in which 
the successive formations arc clearly displayed, and wherein an ancient 
Biitish people, the Silurcs, under their king Caradoc (Caractacus), had 
opposed a long and valorous resistance to the Romans. Having first, in 
the year 1833, separated these deposits into four formations*, and shown 
that ea(?li is characterized by peculiar organic remains, I next divided 
them (1834, 1835) into a lower and an upper group, an ariangement 
whicli 1 hoped would be found applicable to wide regions of the earth. 
After seven years of labour in field and closet, the proofs of the truth of 
those views were more full)' published in the large work entitled the 
‘ Silurian System’ (1838-9). As the original quarto has long been out of 
print, let me ])ut the reader in possession of some of the leading views it 
contains, by (juoting the following passages, in which, having previously 
described the ovi'ilying d(‘])()sits, the lowest of which is the Old Red Sand- 
stone (since termed Devonian), 1 thus ushered in the new classification: — 

“We have at length reached those older deposits, which, not having 
been separated into formations by previous writers, I am compelled to de- 
scribe under new terms. 

“ Acting ui)on the principle that guided William Smith in subdividing 
the Oolitic system of our island, i have named these rocks from places 
in England and Wales whore their succession and age are best proved 
by order of suj)erposition and imbedded organic remains, and have 
termed them in descending order, the ‘ Ludlow,’ ‘ Wenlock,’ ‘ Caradoc,’ 
and ‘ Llandeilo’ formations. The same principle has led mo to use the 
general term of ‘ Silurian System’ for the group, to mark thereby the 
territory in which the best types and the clearest relations are exhibited. 

“ Like every other mass of strata entitled to the name of System, 
the Silurian, though clearly recognizable as a witole over extensive 
tracts, cannot always be subdirided into those fonuations which are dis- 
played in the regions where I shall first describe it, and where its t3q)e8 
are fully developed. Thus, for example, where the subordinate limestones 
thin out and disappear, the Ludlow deposit can seldom bt; clearly sepa- 
rated from that of Wenlock. In such cases both the.'.;’ Ibrmations are 
included in the term of ‘ Upper Silurian Rocks,’ and, under similar cir- 

* For thf first tabular view of these four for- classification which is now sustained is essentially 
mations, the lower one resting on the then so- thirty-two years old. It had even been previously 
called ‘ unfossiliferouB CTeyw'aeke ' (afterwards stated by me (in that the lowest fossil-bear- 
named ‘ Cumbrian’) of the Longniynd, see Pro- inc formation then known to me, or the ‘black 
ceedings Geol. Boc. Lond. vol. ii. p. 11, Jan. lKy4. triJobite flagstone’ of Llandeilo, probably ei- 
The chief characteristic fossil siieeies were even ceeded in thickness any of the superior groups 
then enumerated, and specimens placed in the (Proc. Geol. Soe. vol. i. p. 476). 

Museum of the Geological Society : and hence the 
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cumfltances, the Caradoc sandstones and Llandeilo flags in that of ^ Lower 
Silurian Bocks.’ 

‘‘ Simple as this classification may now appear, those versed in prac- 
tical geology can well understand what must have been the amount of 
examination employed in its perfect establishment. To comprehend the 
extent of the break in the history of the older strata which has been 
filled up by the study and classification of these rocks, the student has 
only to refer to the tabular view I have prepared, and compare it with 
other tables framed upon an antecedent state of geological knowledge. 
He will then perceive, that what is here presented to him as a well- 
ordered succession of great thickness (each subdivision of rocks being 
characterized by a corresponding suite of organic remains*), was formerly 
considered one assemblage, without definite sequence, and included under 
the unmeaning names of ^greywacke’ or ^transition Hmostone.’ I have 
already explained that the latter term has been as liberally bestowed 
(chiefly, however, by foreigners) upon the Carboniferous limestone, from 
which the Silurian rocks arc separated by that enormous accumulation, 
the Old Red Sandstone ; whilst the organic remains of both these systems 

are entirely dissimilar from those of the carboniferous era Lot 

us now proceed to consider those Silurian deposits in the natural order 
in which they appear in the south-west of Salop and adjacent parts of 
Herefordshire.” 

During my early researches (1833), it Was shown that the lowest of 
these fossil-bearing strata then knoAvn to mo, including the Llandeilo 
flags, and their natural base the Stiper Stones, reposed, in the west of 
Shropshire, on a very tliick accumulation of still older sediment, constitu- 
ting the Longniynd Mountain; and the strata of the latter, not then 
offering a vestige of former life, were at first termed ‘ unfossiliferous 
grey wacko ’f. 

As in examining all the strata of England and Wales from south-east 
to north-west it had been found that there was a regular succession 
from younger to older rocks, so at the time when I propounded the 
Silurian classification (1835) it was the belief of all geologists who had 
examined the country J, that the slaty rocks of North Wales rose up from 
beneath my Silurian types of Shropshire and the counties of Montgomery, 
Hereford, and Radnor. In this belief I coincided, without surveying 
the north-western tracts of Wales. Hence another term, or that of 


* These organic remainH were laid b(‘forc the 
Geological Society, and nam(‘d,in each succeeding 
Session from is:il to 1H9S, when the large W’ork, 
the ‘ Hiliiriau System,’ was completed and pub- 
lished. 

t The Stijier fitont‘H were classed by me in 18.33 
and as the base of th»‘ overlying series, w hich 
was termed Kiluriiin as early as LS3."». 8i*e Phil. 
Mag. vol. vii. p. 40, with a diagram showing such 
Silurian rocks re[K)suig on ‘ unfossiliferous grey- 
wackfe.’ The Government Geological Surveyors 


have designated as ‘ Cambrian * only those rocks 
of Wales which, like my original tyjie the Long- 
my lid, underlie all thi* strata with Silurian fossils. 

I See all the early geological maps, and even 
the last edition of the IMaji of Gn>i‘Tiough (IH39). 
In 1838 also. Professor John Phillips still held 
this b<*li«‘f, as well as myself and others, and gave 
in the Penny Cyelopmdia (art. GEOLOtiY) a sec- 
tion across Brftain, in which the Snowdon and 
horth-AVelsh rocks are placed below the Caradoc 
and Llandeilo formations 
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‘ Cambrian/ which Professor Sedgwick proposed, and which I applied to 
the Longmynd of Shropshire, was in the year 1836, or a year after the 
introduction of the name ‘ Silurian,’ also applied to the rocks of North 
Wales. All these rocks were supposed by myself and other geologists, in- 
cluding Professor Sedgwick, to bo of older date than the Silurian, before 
their true relations, physical and zoological, to the then recognized Silurian 
strata of Shropshire had been ascertained. The assumed inferior position 
of the slaty rocks of North Wales being considered a fixed point, it was 
naturally thought that such formations, the fossils of which were then unde- 
scribed, would bo found to contain a set of organic remains diffeiing, as 
a whole, from those of the classified and published Silurian system. With 
others, therefore, I waited for the production of the fossils which might 
tj’pify such supposed older sediments ; for in obtaining the know- 
ledge I had then acquired, by w’orking down from upper strata whoso 
contents w’ere knowTi, to lower and previously unknowm rocks, I had in- 
variably found that the inferior masst‘3 were characterized by distinct 
organisms. Tliis princiide, AA’hich had been established in the Tertiary 
and Secondary deposits, was thus proved to be universally applicable, by 
the occurrence of similar distinctions in the Carboniferous, Old lied, and 
Silurian rocks. 

It was, however, in vain that we looked to the production of a pe- 
culiar type of life from the North-Welsh slaty rocks. Professor Sedg- 
wick’s collections derived from that region had long remained unex- 
amined ; but as soon as he called paleontologists to their inspection, Silu- 
rian fossils, already named in my works, were alone found in them ; and 
the reason has since become manifest. The labours of many competent 
observers during the succeeding years proved that the great mass of these 
slaty rocks are not inferior in position, as once siii) 2 )oscd, to the Lower 
Silurian strata of Shro 2 )shirc and the adjacent 2 )arts of Montgomerysliiro, 
but are merely extensive undulations of the same ; and hence the lo dfccd- 
for geological and zoological distinctions could never have been realized. 
Sharpe, De la Beehe, llamsay, E. Forbes, Selwyn, Salter, and other ex- 
plorers have demonstrated that the chief fossil -I r:iring rocks of North 
Wales arc, both in order and contents, the absolute equivalents of the 
strata in Shroi)shire and Montgomeryshire long pre\ iously described and 
named by me ‘ Lower Silurian.’ *They therefore usc'd the Silurian nomen- 
clature in all their works and majjs relating to North Wales*. 

But although in 1S3S, when my large work was really completed f, I 
still held, in common wdth my associates, the erroneous idea of the infra- 
Silurian position of the slaty rocks of North Wales, I soon saw reason to 

* St*(; also Phillips on the Malvern and Ahberley a copious Appendix illustrating the Fossils of that 
Hills; Memoirs Geol. Surv. vol. ii. pt. 1, 1- !■<. The region, ])y J. W. Balter, F.tf.S. 
student who wishes to obtain a conipleU* acquaint- t Although isyy in on the title-page, extracts 
ance with the rock-structure of Is'orth Wales from published copies of the work were quoted 
should consult the Jird \olumt; of the Memoirs of by authors in 1838 (seoLyeU’s ‘Elements or Geo- 
ihe Geolomcal Suncy of Great Britain, by A. C. logy ’ of that year). 

Eamsay, F.K.S., with Map and Sections, and with 
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abandon that Tiew, and to adopt the opinion which I have maintained for 
a quarter of a century. I ascertained, in short, that in Bohemia, Scandi- 
navia, and Russia, the rich inferior zone of primeval life was the same Lower 
Silurian as in Britain and America. Indeed I made a transverse section 
in 1842, accompanied by my coadjutor A. von Keyserling, north-westward 
from Shropshire, and was convinced that aU the undulating fossiliferous 
rocks of North Wales were mere extensions of Silurian types. During 
the same year the Government Geological Surveyors had arrived at si- 
milar results through their own labours in South Wales. In that 
country, Professor Ramsay first discovered (1842) that, to the north and 
west of my typical position of Llandeilo, true Silurian rocks, charac- 
terized by their fossils, folded over, and occupied a wide region, which, in 
1836, and without examination, I had mapped as Cambrian (simply because 
it lay to the north-west). Thenceforward Sir H. Do la Bcche and the 
Surveyors naturally coloured as Silurian all such hitherto undefined tracts *. 

My view of the equivalents of the Silurian rocks in North Wales, Russia, 
and Scandina'sda, published in the year 1842t, was adopted generally in 
Europe and America, through independent comparisons by numerous 
foreign geologists of their older formations with my British types. 

In extending researches to various distant lands, I found that as the 
base of all rocks containing Silurian fossils, in Bohemia, Scandinavia, and 
Russia, was clearly defined, and as the same fact was announced from 
North America, it was no longer difficult to dcBcribe the whole organic 
series, and thus to record the succession of crustaceans, moUusks, and other 
invertebrata from their earliest distinguishable types. In a word, as 
chroniclers of lost races, do Yerneuil, von Keyserling, and myself were 
enabled to register, in our ‘ Russia and the Ural Mountains ’J, the 
relative position of such ancient creatures. To the first chapters of that 
work, as exj^lanatory of views which are here reiterated, the reader 
is iHerred. Then it was that positive proofs, derived from a wide field 
of observation, enabled us to commence the geological history of a re- 
gion occupying half the area of Europe, with an account of the entomb- 
ment of the earliest animals recognizable in that vast region, and also 
to indicate the successive conditions which prevailed upon the surface, in 
a long series of ages, and during the many changes of outline which long pre- 
ceded the present state of the planet. Looking to all the records of former 
life, as exhibited in the strata, it was then demonstrated, from phenomena 
in one great empire alone (as had to a great extent been shown in Britain), 
that, during the formation of the sediments which compose the crust of the 
earth, the animal kingdom had been at least three times entirely renovated, 
the Secondary and Tertiary periods having each been as clearly character- 
ized by a distinct fauna as the Primeval. In the work on Russia, the 

* See BaiMsay's ‘ Geoloji^^ of North WaleSj' Society of London, 1842; Proceedings Geol. Soc. 
Memoirs of the Geological Survey, vol. iii. Lond. vol. iii. p. 640 &c, 

p. 6. I The general views were communicated in 1842 

t Discourse of the President of the Geological The large work w as published in 1845. 
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Ural Mountains, and Scandinavia, the sequence was thus followed out, 
from the most ancient fossil^bearing strata of those regions to the latest 
stages in the geological series. 

The leading object, therefore, of the present work is not, I repeat, to 
bring out the < Silurian System’ in a mere abridgment of its original form, 
but to concisely describe the Silurian system of rocks, such as that system 
became in subsequent years, before it obtained the highest distinction which 
the Royal Society bestows*, and what it long since proved to bo, with the 
additions made to it by other geologists at home and abroad. 

In the present volume attention is chiefly restricted to the consideration 
of the earliest great eras of life. The plan, therefore, pursued will be, so 
far, similar to that which was adopted in the large work on Russia ; and 
these leaves of geological history will bo written from the first traces we 
have obtained of organic remains, — a plan which, for want of knowledge, 
was impracticable when the ‘ Silurian System ’ was issued in 1838. 

After 1 So l, ’^ hen the first edition of the present work was published, and 
even after many pages of the second edition were printed, a most important 
addition was made to our acquaintance with the lowest or fundamental 
rocks of America and Europe, to which it is necessary at once to allude. 

The Lmireatktn or Oldest I mwn Stratified Mocks . — In the last edition of 
this work it was shown, and even represented in the coloured frontispiece, 
which is now re])eated, that the classification previously adopted by Rritish 
geologists, and which assumed that the Cambrian rocks, or their altered 
equivalents, were the oldest deposits in our islands, had been set aside by 
evidence proring the existence of otratified rocks beneath all those to which 
the terms of Cambrian and Silurian had been ai)p]ied. 

My scientific cotemporaries are aware that I was the first to announce 
the existence of Laurentian rocks in Britain, as proved by a true order of 
their infraposition to Cambrian and Lower Silurian rocks, which I ob- 
served on the north-western coast of Scotland. This view was communi- 
cated to the Geological Society of London, and accompanied by a new geo- 
logical map of the Highlands, on which the Laurentian gneiss was clearly 
separated from the younger gneissic and crystalline roiks occupynig so large 
a portion of that region (see Quart. Journ. Geol. Soc. Ltmd. 1848-49). For, 
although !MacCulloch and others had sho^^m that the gneiss forming the 
lower headlands of the west coast of Sutherland was unconformably sur- 
mounted by red sandstone and conglomerate, they did not j)ossc88 at that 
time the means of testing the relative ages of the various rock- formations. 
In those days the Silurian classification was unknown, no organic remains 
had been discovered in the limestones of Sutherland ; and Professor Sedg- 
wick and myself had simply observed, in the year 1827, that the lime- 
stones which have since proved by their imbedded fossils to be of Lower 
Silurian age passed conformably under micaceous schists and quasi-gneissic 


The Copley Medal (1849). 
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and chloritic crystalline rocks. In the absence of any fossils, provided with 
no classification (for some years elapsed before we entered into the study 
of the Silurian and Cambrian rocks), we necessarily failed to clear up the 
order, and remained in the belief of our precursors, that the sandstones 
and conglomerates forming the chief mountains on the west coast, and rest- 
ing upon buttresses of old gneiss, were simply the equivalents of the well- 
known Old Eed Sandstone of Scotland. 

This erroneous opinion continued to be upheld for many years, and was 
widely circulated in the justly popular and able work, ‘The Old Bed 
Sandstone,’ of the lamented Hugh Miller. The error was first removed 
by a survey of the western coast of the Highlands, which I made in 1854, 
and in which, at my request, Professor Hicol became my companion ; for I 
had long wished to ascertain the rationale of the singular succession I had 
seen many years before, and wished to search out carefully the whole 
order of those rocks. Some of the results were communicated to the Meet- 
ing of the Pritish Association at Glasgow. In the subsequent year (1855) 
Professor Nicol added considerably to the value of the fii’st survey ; and by 
his labours, combined with my own in a subsequent year, it was made 
manifest that the so-called ‘Old Bed Sandstone’ of the north-western 
coast was a rock of much higher antiquity than that wliich overlies the 
Silurian System ; for these sanastones and conglomerates of the west 
were seen to be overlain uncouformably by those veiy quartzites and 
limestones which Sedgwick and myself had observed to pass with a south- 
easterly dip under ciystalJine rocks constituting the great mass of the 
gneissic schists and micaceous flagstones of the central and eastern High- 
lands. 

The question then arose. What is the ago of those quartzites and 
limestones which have a much less crystalline character than the rocks 
by which they are overlain? In the quartzites MucCuUoch had, it is 
true, discovered minute organisms, which he classed with Orthoceratites, 
and which are now known to be the infilled borings of Annelids and 
small Crustacea. It was not, however, until Mr. Charles Peach dis- 
covered, in the limestones of Durness, clear and unmistakeable fossils of 
various sorts, which in the hands of Mr. Salter proved to be the Lower 
Silurian fossils to bo noted hereafter, that I became i)ossessed of the key 
which I had long sought for, and by which I was at once enabled to 
develope the whole order of the North-Scottish succession, from a Funda- 
mental Gneiss upwards, through Cambrian and Lower Silurian rocks, 
to the Old Bed Sandstone. 

Seeing that the fossiliferous limetones of Sutherland were by no means 
the oldest of the Silurian deposits of my classification (being of younger 
age than the whole series of the lingula-flags or “ Primordial [Silurian] 
Zone ” of Barraiide), and that they reposed transgressively upon different 
members of the next underlying formation, or the red and purple hard 
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grits and conglomerates that compose the loftiest mountains in the West 
Highlands, it followed that these rocks must unquestionably represent, at 
least in great part, the Longmynd or true Cambrian rocks of South Britain 
and Wales. Now these hard grits and conglomerates are seen to repose 
abruptly on highly inclined and contorted strata of massive honiblendic 
gneiss which, unlike the overlying Cambrian and Lower Silurian strata, 
has a direction or strike nearly at right angles to them, — the former trending 
from N.W. to S.E., the latter from N.E. to S.W. The fact of the great 
divergence of strike, which I laid down on my geological map of the High- 
lands*, being coupled with th(^ clearest evidences of infraposition to Cam- 
brian and Silurian rocks, I had no longer any doubt that those rocks wore 
of a remoter ago than any which ha*^ been previously recognised in the 
British Isles. Hence 1 at first termed them ‘ Fundamental Gneiss,’ and 
soon after, following my distinguished friend Sir W. Logan, I applied to 
them his term ‘ Laurentian,’ and thus clearly distinguished them from the 
younger guc issic and micaceous cr 5 ^slalliiic rocks of the Central and Eastern 
Highlands t, which w'cre classed as metaraorjdioscd Lower Silurian. I was, 
indeed, fortified in adopting this classification by my associate Professor 
Ramsay, who accompanied me in 1859 to the Northern Highlands, and 
who not only assented to my views, but who, having himself recently 
returned from Canada, assured me that the Scottish base was unquestion- 
ably the same as that of North America. 

In the recently published and highly instructive Geological Map showing 
the distribution of the Laurentian Rocks in Northern Canada, Sir W. 
Logan and his associates t have exhibited in sei)arato colours no less than 
seven divisions of the Lower Laurentian, including four s(‘i)arato stages of 
orthoclasc-gneiss and three of interstratified limestones. The Upper Lau- 
rentian or Labrador group consists mainly of anorthosite-gneiss. Those 
rocks, with some syenite and porj^iyry and an occasional dyke of green- 
stone, occupy the wliole region. 

Let us no^^■ endeavour to determine wdicther these Laurentian rocks of 
the Western Highlands of Scotland, wdiich arc muniiestly the foundation 
stone of all the formations in the British Isles, pcrlain to the Low^er or the 
Upper division of the North- American Laurentian bystem of Logan. If we 

* Thin preat dmngt* in the* e-tirnatc of the r«'la- tirol j disaenl ; ami inv is sustained hy every 
tions and mieccssioii of the rocks in the North of other {^<H»loeist who ii.is < xjilorcd tlie country, in- 
Scotland was fully ••xplained in memoirs eomnm- cludinff Professors Kuril and II arkness, Colonel 
nieated to the (jcolo;;u;al Sotietj' H^uart .loum. Sir 11. Janies and Mr. rein h?i Id Otukie. Ucisolving 
Geol Soc. ^ols. XV and xvi ami illustrated by a t > look closely into tin o!.|, etions raised by Pro- 
geolot^ieul map of the Hi^dilaiids, onuhiehtbeiiew fessor N ieol, 1 induced Mt (reikie to aeeoinpuny 
elaHSilk-rition was for the llrst lime represented. me through the north-west, rn Iltglilaruls in lSti2 ; 

t Prufess'ir Nicol diH'erw fr<uu mein this sepa- and as he, after mueh labour, eonllrnwd all iny 
ration of the older from th<‘ younger gneiss, and, c*onclusions,w'e then*upr>n jiuhlishedthe Geofo^cal 
considering them both to Ire parts of the same Map of Scot land, which has been largely sold by 
series, he follows the old elassilieation of Mae- Mr. A. Keith Johnstone. 

Culloeh. H*. heln \es that the gneiss whieli forms J The Canadian Geological Survey consists of 
the low heatllands of Siith* rlund and Ross (my Sir W. Logan, as Director, with his assistant Mr. 
fiuidamental or Lniirentian rof k> is t»rought up A.Murray, Dr.T. Sterry Hunt, Cheniistand Mine- 
to the east of the fossiliferous Silurian limestones ralogist, and Mr. E. Billings Paleontologist. They 
and quurtz-roeks by great faults and eunatures. have been ably supported bv Dr. Dawson, the 
From that oi»iuiun of my forniei associate I en- Principal of M‘Gill College, Montreal. 
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look to the lithological structure of the Scottish rock, we cannot discover 
any close relationship between it and the Upper Laurentian rock of Canada, 
or ^ Labrador Series for this last is essentially composed of felspars, 
often rich in alkalies, especially soda, and is thereby markedly distinguished 
from the British formation, which, throughout its range, from Cape Wrath 
to Lochs Broom, Torridon, and Maree, as also in the island of the Lewis, is 
a granitoid, massive gneiss, in which hornblende and quartz predominate 
very largely over felspar and mica. Like the grand Lower Laurentian of 
Canada, it contains limestone ; but instead of the thick development of 
calcareous matter of the American deposit, the limestone layers in it are 
thin, fissile, and of very [rare occurrence. Hence we ii light well have 
expected that if any traces of organic bodies were to bo detected in rocks 
of this age, previously termed ‘Azoic they would be found in those ex- 
tensive and thick masses of limestone which occur in the Lower Laurentian 
of America. Thus, whilst it is in them that the Ehizopod named Eozoon 
Canadense by Principal Dawson* has been detected, our chances of dis- 
covering this little fossil in our attenuated and scaly British limestone 
are slight indeed. Yet this same zoophyte, which, like the polyps of 
succeeding epochs, and of our own day, formed ledges or layers incrusting 
the most ancient known rocks, has been recently detected, by MM. Glimbel, 
Pritsch, Hochstetter, and Eeuss, in the limestone of the older gneiss of 
Bohemia and Bavaria. I may here be excusc'd for stating that, in 18(12, 
when I explored for the last time the mountains of Bohemia, I placed that 
same gneiss, of which there are two sorts, on the parallel of the Lau- 
rentian of America and Sciotland. For 1 felt assured, by the infraposition 
of the rocks in both countries to the other recognized palaeozoic groups, 
that their age must be pro-Cambrian. For example, when I saw in 
Bohemia and Bavaria enormous masses of clay-slate, mica-schist, Ac, lying 
beneath Barrande’s ‘ Zone Primordiiile,’ — masses which obviously occupied 
the place of the ‘ Cambrian ’ of the British Geological Survey, and reposed 
upon primordial gneiss, I could draw but one inference; and hence I 
affirmed that these rocks of Central Germany were of Laurentian age, — 
and this before they were so styled by any other author, and long before 
an Eozoon was found in themf. 

Further, I have recently learned from Dr. Geinitz that the Eozoon has 
been also discovered in the crystalline limestone of Maxen, in Saxony, south 
of Dresden. Thus we now know that in the heart of Europe, as in Ame- 
rica and Britain, there exists a nucleus of the oldest traceable • stratified 
rock, around and over which the succeeding Palsoozoic formations have 
been accumulated. 

There is also little doubt that in the northern and central parts of Hor- 

* Quart. J ourn. G col. Soc. vol. xxi. p. 54 ; vol. rrii. t See my memoir on the Gneiss and superjacent 

p. 609, &o. Canadian Naturalist and Greologist, PalsBozoic Formations in Bayaria and Bohemia, 
April, 1865. Intellectual Observer, No. 40. Fo- Quart. Jouru. Geol. Soc. vol. xix. p. 359. 
polar Science Review, No. 15, &c. 
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way the same foundation-stones exist, and have their proper place far 
beneath the well-known Silurian formations of Sweden and Norway. 

The figures of Eozoon Canadense, which are here given, have been se- 
lected by my friend Professor Rupert Jones from the works of Principal 
Dawson and Dr. Carpenter. 

Fossils (1). 



1. Portion of the sernoTitiiious marble of Canada, composed of Eozoon ; of the natural 
size. The broken black lines represent the serpent ine, and the white spaces are the cal- 
careous skeleton. Copied from Dr. Dawson’s nature-printed section of a specimen of 
hlozoon Canadense (from Petite Nation Seigniory), first polished and then corroded with 
acid. [See Canadian Naturalist and Geologist, April, 1805.] 

2. The serpentinous port ion of a piece of Eozoon, after maceration in acid, magnified, 
Tt presents the natural easts of the chambers and tubes, or a model of the sareodc of 
the Eozoon. (After Dr. Carpenter’s plate in the Intellectual Observer, No. XL.p. .300 <fec.) 

.3. A portion of the chamber- walls, or ealearefais shell, of the Eozoon, restored and 
highly magnified, showing the tubuliferous walls, the pseiidopodial tufts in the inter- 
mediate skeleton, and the stolon -passages. (AftcT Carpcnier. loc. cit.) 

As these authors, who have long studied this class of animals, are 
supported by Reuss and other sound foreign naturalists in their belief 
that the Eozoon (of which two nominal species have been described) is 
truly a Foraminifer, I bow to their decision, and regard the Lauren tian as 
the base of all Palaeozoic deposits. 

Whilst the Laurentian gneiss of Scotland differs es.sc'ntially (as I have 
shown in other publications*) from the superjacent crystalline rocks (gneiss 
in parts) of Lower Silurian age, the most marked distinction, besides its 
infraposition, consists in the entire divergence of its direction or strike, 
and its abrupt separation from all the overlying formations. Thus, whilst 

* For many domonstrations of the Silarian rocks (the latter being often highly orys- 

infiraposition, in the Western Highlands and the talline, gneissose, and micaceous), see the memoir 
H ebridea,of the Laurentian gneiss to the Cambrian by Mr. Ueikie and myself, Quart. Joum. Oeol. Soo. 
sandstones and conglomerates, and of the latter to May 1861 vol. rvii. p. 171 &c. See Chap. VIII. 
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the Cambrian and Lower Silurian rocks of the Highlands range, as before 
said, from N.E. to S.W., the Laurentian, lying beneath them, has a strike 
from N.W. to S.E., and is utterly discordant to them, as laid down in 
the maps of Scotland before spoken of. Considering this great break, and 
seeing that the sandstones and conglomerates which next succeeded were 
derived from the subjacent gneiss after it had passed into a crystalline 
condition, we are lost in the endeavour to form an estimate of the incal- 
culable length of time which must have elapsed between the first accumu- 
lation of the Laurentian deposit and its crystallization, and, after that 
change, to account for the great hiatus which separates that rock from the 
younger deposits made out of its fragments. How vast must have been the 
contortion, dislocation, metamorphism, and denudation which intervened in 
that period, concerning which many leaves in the geological register arc 
wanting ! In reviewing the natural features of the stratified succession in 
the Western Highlands, I am therefore led to believe that the lowest gneiss 
of that region is the representative of the Low^or Laurentian of Canada — 
the oldest sedimentary deposit as yet known in the crust of the globe. 

In the succeeding Cambrian rocks, traces of animals superior in grade to’ 
the Eozoon will presently be described ; and those rocks I still consider to 
be the basement- strata of all the deposits of England and Wales. For, not- 
withstanding the ingenious and able sketch of Dr. Holl *, who has inferred 
that the crystalline nucleus of the Malvern Hills is of Laurentian age, I 
cannot subscribe to his view, whether I look to the composition and 
direction of these rocks, or to the geological sequence which is there ex- 
posed. The fine-grained, fissile, and foliated Malvern rocks, in which 
felspar and mica abound, do not at all resemble the hard, thick-bedded, 
massive, older gneiss of the Highlands, except in the presence of some 
hornblende. Then, again, these Malvern rocks are parallel to the flank- 
ing Silurian deposits — thus differing in the most marked manner from the 
discordant relations of the Highland rocks, but agreeing exactly with the 
parallelism of the Cambrian to the Silurian rocks in Shropshire, Wales, 
and Scotland. Again, among the miniature series of stratified deposits 
which overlie the crystalline nucleus of the Malverns, there exists no re- 
presentative whatever of those enormously thick deposits of the Longmynd, 
or Cambrian of the Geological Survey. The observer proceeds at once 
from crystalline rocks to the Holybush Sandstone, which was long ago 
shown to be the base of tlic Silurian deposits of the tract, by Professor 
Phillips and myself. My inference therefore is, that the crystalline schists 
and gneissic rocks of the Malverns represent the older portion of the Long- 
mynd or Cambrian rocks, and that they stand in the place of similar 
rocks in Carnarvon and Anglesey, which are simply the metamorphosed 
Cambrian rocks of the adjacent parts of North Wales f. 

* Quart Journ. G«‘ol. Sor. vol. xxi. p. 72 &c. Walrs,’ Mi*moirs of the Gcolocipal Hum*y, vol. 
t For lht*8f oouviTsiont* of Cambrian strata into iii. pp. 164, 166, 167, 109, 177. Soe a fuller sketch 
crystalline rocks, see liamsay’s ‘ Geology of North of the Malvern llills in Chap. V. 
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Keverting now to the Silurian region proper, in which those researches 
began which enabled me to prepare the ' Silurian System,^ I take leave of 
the Laurentian rocks with the expression of my belief that they have no 
existence in England and Wales, nor, as far as I know, in Ireland*. 

The most zealous researches of collectors and palaiontologists during the 
last quarter of a century, though pertinaciously directed to this point, have 
failed in detecting any other traces of former life in the Cambrian rocks 
than the few relics which will presently be described — albeit in a large 
portion of their range the Cambrian strata of the Longmynd, having an 
estimated thickness of 26,000 feet, arc very slightly altered. No sooner, 
howov('r, do we examine the deposits formed subsequently than we meet 
thenceforward with a never-failing stor^'housc of organic remains. 


In the litliograph given in the Frontispiece, repeated from the former 
edition, there is an attempt to represent, b}’ colour and indications of stra- 
tification, the MiocessioTi of the most ancient rocks as seen in looking west- 
ward from Inchnadamff on Loch Assyiit in Sutherland. Thus the low distant 
hills forming the sea-coast consist of that fundamental or Laurentian gneiss 
(o) which is older than any rock in England and Wales. Next, the lofty 
mountain of Queenaig, composed of horizontal, chocolate-coloured, hard 
sandstone and conglomerate (b), is of the same age as the Cambrian rocks 
of the Longmynd in Shro])shirc, and Harlech in Wales, which, as wiU pre- 
sently be shown, lie beneath the whole of the Silurian strata of Wales and 
England. The ovcTlying sloping masses descending into the foreground 
are (juartzites or altered sandstom s and c*'), with included crystidline 
limestones (r) ; and th(‘se (when they range into Durness) contain about 
twent)’ sj)ccies of Lower Silurian fossils f. 

After a short sketch of the earliest or Cambrian zone of sediments 
of the Silurian region, fuU descriptions will he given of the Lower and 
XJl)j)er Silurian rocks. Other chapters will treat of the strata (now 
termed Llandovery rocks) which unite the two groups, and of the up- 
j)er members of this great natural scries. Whil.-t so separated for 
purposes of classification, it will, however, be cleaily shown that, 
through their organic rcimains, these deposits conquehend but one great 
sgstnn of life. Condensed accounts will then follow of tlie overlying or 

* Inasmuch fts the Eozoon CaTifid(Mim‘fr<-qn<‘ntly tion of the belief that a i>virine creature of that 
oecursun S(‘r|M>ntinouH limestone. It vs as Jit one time class may havi* lived cm from tin* Laurentian to 
Huiijioscil that It had been diseovered m th.- tjn en th'* Silurian era. Thus s,,Mie of the* Foraminifera 
marble of the Connemara Aloimtains in irelrinrl. rejireseiited bv silii-i'ous e-isls in tlie Lower Silurian 
lu a future i>af,'e it w ill be shown th.it this Irish ^'-I'li s.-uid of Itussia fas wil' Ije noticed in tlte 
rock IS of Lower Silurian af'e. Xow, without sequel) are ^irohably identical with existing 
entering into the eontroversy respecting the true Hjieeies; and Nodosarinao uudi.stingui8hable from 
charai ter of the Eozoon, I nuiv shite that much living forms are found in the Permian limestones, 
ability was displayed by Dr, K.iwney and Profes- Many others also have lived on from the Secon- 
’ Bor \\ . King, of (ialwav, in their recent effort to dary period.s ; and the same (Jlobigerina that eon- 
show that the forms of Eozoon which they exa- stituU'S great masses of the Chalk now coats tlie 
mined were jmreJy referable to chemical and bed of the Atlantic and other oceans, 
mineral conditions.* On this j>oint I will on! v say t These fossils, discovered by Mr. C. Peach, are 
tliiit, believing, as I do, the Eozoon to he a Fora- described in the Ninth Chapter. 
imnif<*r, 1 can see no valid objection to the udop- 



16 


SILURIA. 


[Chap. I. 


younger palfiDoaoic groups, termed Devonian, Carboniferous, and Permian. 
The Devonian is simply an intermediate zone between the great Silurian 
and Carboniferous systems, while to the last are closely linked on the 
Permian deposits. The Devonian rocks were in previous years known 
only as the Old Red Sandstone, a name which has become classical 
through the writings of Hugh Miller. These were termed Devonian, 
because the strata of that age in Devonshire, though lithologically unlike 
the Old Red Sandstone of Scotland, Hereford, and the South -Welsh 
counties, contain a much more copious fossil fauna, and were shown to 
occupy the same intermediate position as the Old Red Sandstone, between 
the Silurian and Carboniferous rocks. At that time, however, none of the 
fossil fishes of the Scottish or English Old Red had been found in the 
slates, schists, sandstones, or limestones of Devonshire, or of the Rhine ; 
and objections might therefore have been raised to the term ‘ Devonian ’ 
as applied to the Old Red deposits. But the discovery made in Russia* 
of the same species of Scottish ichthyolites being there commingled in the 
same rock with forms of moUusca found in Devonshire f — similar tests 
being afterwards extended to Belgium and the Rhenish Provinces — firmly 
established the truth of the comparison. It was also shown by myself that 
the uppermoElt Silurian rocks of Norway (Christiania) are surmounted by 
copious masses of Old Red Sandstone J. 

The Carboniferous rocks, so largely and fully developed in the British 
Isles, have been well investigated by many writers, particularly by Pro- 
fessor Phillips ; and they have been found to extend, like the Silurian and 
Devonian, over immense regions in all quarters of the globe. 

The great primeval or Palaeozoic series is now known to terminate 
upwards, in Europe, with certain deposits for which, in the year 1841, 
I suggested the name of * Permian.’ In the earlier days of geological 
science in England, this group was classed with the New Red Sandstone, 
of which it was supposed to form the base ; but extended researches have 
shown, from the character of its imbedded remains, that it is naturally 
united with the Carboniferous deposit below it, and is entirely distinct 
from the Trias, or New Red Sandstone, which, overlying it, forms the 
base of aU the Secondary rocks. The chief calcareous member of this 
Permian group was termed in Germany the ‘ Zechstein,’ in England the 
‘ Magnesian Limestone;’ but as magnesian limestones have been produced 
at many different periods, and as the German ‘ Zechstein ’ is a part only 
of a group, the other members of which are known as ‘ Kupfer-Schiefer ’ 
(copper-slate), * Roth-todt-liegendes ’ (the ‘Lower New Red’ of English 
geologists), (fee., it was manifest that a single name for the whole was 

* See Bussia in Europe and the Ural Moun- lodst,’ vol. v. p. 458, Sto.). 
taina, vol. i. p. 64. j Bussia in Europe and the Ural Mountains, 

t Even in the rocks of South Devon Prof. Phil- vol. i. p. 13; and Quart. Joum. Geol. Soc. vol. i. 
lips and Mr. Pengelly have found a few fish-scales p. 469, and vol. viii. p. 182. 
such as abound in the Old Bed Sandstone (* Geo- 
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much needed. After showing how these variously named strata constitute 
one natural group in Germany as in other countries, I proposed to my 
fellow-labourers, de Yemeuil and von Keyserling, that the vast Russian 
territory of Perm should furnish the required name The general adop- 
tion of the term ‘ Permian ’ is, indeed, the best proof of its usefulness. 

In the opening chapter of ‘Russia in Europe and the Ural Mountains,’ a 
general view of this palaeozoic classification was given as applied to Germany, 
France, Belgium, and North America; and in aU of these countries, as wcU as 
in Russia, it was shown that a similar ascending order prevailed, from a 
base-line of recognizable Silurian life, through Devonian and Carboniferous 
deposits. In the twenty-one years wliich have elapsed since the issue of that 
work, considerable additions have been made to our knowledge ; and all of 
them sustain the truth of the generalization. We then scarcely knew of 
the existence of true Silurian deposits in Germany, nearly all the ‘ grau- 
wacke ’ of the Rhenish Prorinccs and the Harz having been assigned to the 
Devonian series ; but since the opening out of the rich Silurian basin of 
Bohemia, •which, in the skilful hands of M. Barrandc, has become the 
palaeozoic centre of the continent, Thuringia and Saxony have been also 
found to contain Silurian rocks. 

In Spain, several mountain-chains have been shown by M. de Vernouil 
and the late M. Casiano de Prado to consist of Silurian followed by Devonian 
and Carboniferous rocks ; whilst Mr. D. Sharpe has described the first and 
last of these groups as found in Portugal. Again, Sardinia, under the scru- 
tiny of General A. della Marmora, has exhibited its Silurian and supeija- 
cent Coal deposits ; and Devonian and Carbouiferous strata overlie older 
rocks in North and, partially, in South Africa t. 

In Siberia, the chief mineral features of which arc described by Hum- 
boldt and Rose, my colleagues and myself have explained how the Silurian 
rocks of the Ural chain are succeeded by younger palaeozoic deposits. M. 
Pierre de Tchihatchef has indicated a great extension of similar formations 
over large tracts of Southern Siberia, in the Altai Mountains, and Asia 
Minor ; whilst to the north-east, since Adolf Erman traced such rocks even 
to the Sea of Ochotsk, able Russian authorities, particulai ly Schmidt, Radde, 
and others, have mapped and described palaeozoic rocks in the vast countries 
around the Lake Baikal and extending from the region of the Amur to 
Mandchuria. 

In the giant Himalaya, where, a few years since, no systematic labours 
had been devoted to the older strata, we now know that Silurian rocks, 
covered by Secondary or Mesozoic deposits, exist in those the highest 

^ Se«* ray l<*tter to Dr. Fischer, Moscow, Oct. Trans. Oeol. Soc. Lond. vol. vii. 1856. According 
1841, printed in Leonhard's N. Jahrb., and m to mv dintinguished friend Dr. Livingstone, the 
Phil. Mag. vol. xix. p. 111*. only ISuropean who has traversed and retruversed 

t For North Africa, see Coquand, Bull, dc la South Africa, coming out in the west at St. Paui 
Soa Gdol. de France, sdrie, vol. iv. p. 118H. di Laonda (lat. 10°), and at Quilimane on the 
Some of the fossils collected by the lamented tra- east, there are strong beds of coal and ironstone 
veller Overweg, in his journey southwards, are on the bunks of the Zambesi, and to the north-west 
also Devonian. For South Africa, the reader may of the Portuguese settlemont of Tete. 
consult a Memoir by Mr. Bain, published in the 
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mountains of the world, and that the Upper Punjaub of Hindostan con- 
tains a limestone charged with weU-known Carboniferous fossils, reposing, 
as in England, upon a red sandstone It is also certain that the moun- 
tain-chains of China are composed, to a great extent, of these older rocks*; 
for M. C. Skatschkof, Director of the Bussian Observatory at Pekin, when 
preparing an account of the rich coal-fields (partially described by his 
countryman Kovanko) near that city, recognized, in the Jermyn Street 
Museum, certain Silurian Graptolites and Orthoceratites, Devonian Spi- 
rifers, and Carboniferous Product! as all being forms which he had 
seen in the rocks around the Chinese metropolis. Again, Devonian fossils 
of the very same species as those of England and the Continent have 
been given to me by Mr. W. Lockhart t, some from the interior province of 
Szechuan, and others from Kwangsi. Other fossils, identified by de 
Koninck as Devonian forms, were brought by M. Itier from the Yuennan 
province, one hundred leagues north of Canton J . 

In Australia, where, not long since, reference could be made only to 
rocks of the Carboniferous and Devonian age §, we hear of many Silu- 
rian fossils, both in New South Wales and in Victoria ||, like those 
of the British Isles In Victoria, indeed, numerous species of Lower 
Silurian fossils have already been recognized by Mr. Selwyn and Pro- 
fessor M‘Coy in those slaty rocks which bear the chief auriferous quartz- 
veins. 

In South America, the lofty Cordilleras and plateaux, whose mineral 
characters have been so admirably described by Humboldt, were shown 
by Alcide d’Orbigny to consist in great part of such ancient sediments ; 
and more recently Mr. David Forbes ** described in considerable detail the 
true succession of these rocks, and brought home many characteristic Silurian 
fossils. StiU more clearly has North America been found to contain a vast 
succession of these palaeozoic rocks, and especially of their lower members. 
Numerous geologists of the United States have demonstrated that their an- 
cient strata followed the same order on a very grand scale, and, in the western 
region, uninterruptedly, — doubtless due to their having been exempted 
in those tracts from the intrusion of igneous rocks. Spread out in enor- 
mous sheets over the southern districts of Upper Canada, the strata paral- 

* The Himalayan data are given by Col. R. Geol. Boc. vol. ix. p. 353; and de Koninck, Bull. 
Strachey ; those of the I^per Puiyaub.hy Dr. A. Acad. Roy. Sc. Belg. vol. xiii. pt. 2. p. 415. 

Fleming (Quart. Joum. (xeol. Soc. vol. vii. p. 292, § See Strzelecki's ‘Australia,’ Fos^i. Fauna, 

and vol. ix. p. 189) and by Mr. Theobald (Joum. Morris; M‘Coy, Ann. Nat. Hist 1847; Lonsdale, 
Bengal Asiatic Society, 1864, p. 661 &c.). See Descrip. of the Corals, MS., sent to me whilst 
also an account of Carboniferous rooks and fossils the second edition was in preparation, 
discovered by Capt. Godwin- Austen in Thibet and |] The numerous fossils found in the Victoria 

Kashmere, Quart Joum. Geol. Soa vol. ixii. Colony are considered by Mr. Sel>^, the able 
p. 29 &c. Government Surveyor, to be either of Lower Silu- 

t See Proceedings of Roy. Geographical Boo., rian ^e, or belo^ng to the zone which I now 
President’s Address, 1858, vol. ii. p. 306. term IJandoTery Rocks (Edinb. New Phil. Joum. 

7 See a description of the Chinese coal-field near n. s. vol. i. p. 171; and Quart Journ. Geol. Soc. ^ 
Pekin, by Kovanko, Ann. des Mines de Russie, vol. ziv. p. 533). 

An. 1838, p. 191. No geologist can perase Mr. ^ Memoir W the Rev. W. B. Clarke, Quart. 
Fortune’s lively description of the Bonea Moun- Joum. Geol. Boc. Lond. vol. viii.; see also his 
tains without supposing that a fine primeval sue- collections sent to England, and those at the 
cession mav there be found. For the Chinese public Museum of ^dney. 

Devonian fossils, see Davidson, Quart Joum. ** Quart. Journ. Geol. Boc. Tol.xvii.p. 7 &c. 
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leled with the Lower Silurian by Logan and the American geologists * are 
there based on unfossiliferous slates, limestones, and sandstones, termed 
‘ Huronian,’ which, in their turn, repose on the crystalline rocks named 
‘ Laurentian,’ — thus showing that America offers the same primeval suc- 
cession as Britain. (See above, p. 11, and Frontispiece.) 

The voyages of our bold Arctic navigators and travellers in search of the 
lamented Franklin led to the discovery of many well-known Upper Silurian, 
Devonian, and Carboniferous fossils in limestones amid the polar ice; 
whilst adjacent to the southern end of America, fossil remains, certainly of 
Lower Devonian date, have been collected by Darwin in the Falkland 
Islands. 

In few of those regions, however, with the exception of !N'orth America 
(certainly not in the British Isles, where the strata are in many parts much 
obscured by igneous outbursts), is the order so undisturbed as in Scandi- 
navia and European Russia. There the successive primeval deposits 
extend over a large portion of the earth in regular sequence and in an 
unaltered state. Hence, though to the unskilled eye Russia presents only 
monotonous undulations, chiefly covered by mud, sand, and erratic blocks, 
its framework exhibits a clear ascending series. The older sedimentary 
strata, deviating but slightly from horizontality, are overlain by widely 
diffused masses of those Permian rocks which constitute the true termina- 
tion of the long Palaeozoic period. 

The following pages, as before said, will be chiefly devoted to the Silurian 
stages of the primeval formations. They will be illustrated by woodcuts 
representing the most important organic remains, and certain pictorial 
scenes, as well as sections, chiefly taken from my former works. Faithful 
transfers from the original plates of the ‘ Silurian System ’ are also given, 
wuth the modern nomenclature of the fossils, and wuth the addition of the 
plates of Corals, so admirably described by my valued friend and coadjutor 
Mr. W. Lonsdale. 


Were the next three Palaeozoic groups to be equally elucidated, this 
work would be expanded far beyond the limits to which I must restrict 
it. The younger Palaeozoic (or the Devonian, Carboniferous, and Permian) 
deposits will therefore be only so far dwelt upon as may be sufficient to 
give the student a general view, and stimulate him to acquire a fuller 
acquaintance with them by consulting the various works wherein they are 
circumstantially described. But even the sketch of them given in this volume 
AviU, it is hoped, suffice to show that, while the contiguous strata of two 
natural groups are intimately linked together by containing species which 
are common to both, the principal fossils of each are certainly peculiar. 

Although few of the mineral changes of the strata can be alluded to, an 


* See partioalftrlj the works of James Hall and 
Dale Owen ; the Beports and maps of L(^n, the 
chief ffeologist of Canada ; the maps of Ljell, as 
compiled from the works of the United-States 


f eolo^sts ; and the recent general maps of North 
kmeriM, by ^gers and Marcon. See also a table 
by Professor Bamsay in Chapter XVIII. 
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endeavour will be made, in the Nineteenth Chapter, to show that gold, 
however it may now be spread over the surface, has been introduced most 
abundantly into the older deposits, and chiefly into those of Lower Silurian 
or older date, and has also accompanied certain eruptive rocks of later 
date. 

Lastly, it is to be observed that, as the true succession of the chief 
masses of the earlier fossiliferous strata was first detected in England and 
Wales, so the geological descriptions in this volume will in the first instance 
be derived from our typical insular examples. A general comparison will 
afterwards be instituted with the contemporaneous rocks in difierent quar- 
ters of the globe. 

The importance of having, through patient surveys, mastered the obscu- 
rities which clouded the history of the earlier periods of organic life will 
thus, it is hoped, be rendered obvious, by showing that we have now ob- 
tained as correct an insight into the primeval fossil-bearing formations as 
we had previously acquired of the nature and history of the younger de- 
posits. 
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CHAPTER II. 

CAMBRIAN ROCKS. 

OUTLINES, STRUCTURE, AND ORDER OP THE ROCKS NEXT ABOVE THE LAURENTIAN. — THE RARE 
FOSSILS OF THE CAMBRIAN ROCKS. — THE ORDER OP CONFORMABLE SUCCESSION UPWARD TO 
THE ‘ primordial/ OR LOWEST SILURIAN, ZONE. — SLATY CLEAVAGE. — METAMORPHOSED 
CAMBRIAN ROCKS OP ANGLESEA. 

With the exception of the fundamental deposits, termed ‘ Laurentian,’ 
which, wherever they have^ been observed, are highly crystalline, the other 
and overlying ancient rocks in which fossil animals have been detected 
varj’’ much in structure and outline in different regions. Wherever sueh 
masses have remained in a state of eomparativo quiescence from the 
period when the}" were raised up from beneath a primeval ocean, and have 
since been modified to a slight extent only, they are necessarily unlike 
those strata which, though formed at the same period and even composed 
of similar materials, have been penetrated by igneous matter, or subjected 
to alteration through the action of mechanical pressure, heat, and other 
agencies. 

In Russia *, where some of the older deposits have been but partially 
hardened since they were accumulated at the bottom of the sea, and have 
been elevated into merely low plateaux that have undergone no great 
change or disruption, they have but little resemblance to many rocks of 
the same ago in other countries. When, however, we follow these soft 
primeval Russian strata to the Ural chain, a region abounding in eruptive 
and contorted rocks, we find that the beds which on the west consist of 
mud and sand have there been converted into crystalline schists, limestone 
in the state of marble, and auriferous quartzites. In Britain, no more 
striking examples of these changes of physical conditions can be seen 
than in the territory whose geological structure is ex])lained in this work 
and the accompanying map. Throughout that portion of the region 
(Shropshire and Herefordshii-e) which afforded the tyjieB for the Silurian 
classification, the strata consist of shale, sandstone, and limestone, which, 
though much more consolidated than their equivalents in European Russia, 
have been wholly unaffected by that influence which has im])ressed upon 
the very same beds, when followed into Wales, a true slaty cleavage. Or 
if we trace those slates of North Wales across the Menai Straits, we find 
that they have undergone another change, and have been metamorphosed 
into a crystalline condition. So again in the United States and British 

* Busaia and the Ural Monntains, by Murchison, de Vemeuil, and von Keyserling, vol i. p. 26 *. 
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North America, strata formed during the earlier periods are, throughout 
extensive regions, composed of ordinary sandstone, shale, and limestone ; 
but when pursued eastwards across the undulations of the Appalachian 
chain to the granitic rocks of the sea-board, or westwards to the Rocky 
Mountains, these sediments are found to have been converted into masses 
more or less crystalline. 

This is the change which geologists call metamorphism, and which was 
alluded to in the First Chapter. 

It will presently be shown that the comparatively low and unaltered hills 
of Shropshire and Herefordshire, and some adjacent tracts of Wales, present 
to the student, in an intelligible manner, a succession of strata, which has 
been with much difficulty deciphered amidst the hard, rugged, metamorphic, 
and crystalline formations of the same age in North Wales — even when 
most of the obscurities had been removed by the labours of the eminent 
persons who, from Professor Sedgwick downwards, have toiled in the ardu- 
ous task of bringing the geology of that region into order. 

In Russia, the Silurian rocks form either wide level plains or low 
plateaux ; whilst in other countries, where they have been heaved up into 
mountains, they have a rounded outline, especially where they consist of 
schists, originally composed of mud, the fine grains of which have given 
rise to equable atmospheric attrition. When, on the contrary, the shale and 
schist have been changed into hard slates, the sandstone into quartz-rock, 
or the earthy limestone into crystalline marble, and particularly if the beds 
be highly inclined and penetrated by igneous rocks, then sharp peaks or 
abrupt cliffs and gorges are dominant. Thus it is that the same ancient 
strata of different regions put on so many different external forms. In 
South Britain they are, necessarily, most varied in districts which, like 
those of North Wales and Cumberland, have had their outlines diversified 
by the intrusion of igneous rocks. 

Observation has now taught us of what materials the fundamental rocks 
of different countries consist. In Scandinavia, particularly in the central 
and northern parts of Norway, there is every reason to believe that, as in 
British North America, Bohemia, and the North-west of Scotland, crystal- 
line rocks of Laurentian age underlie all the deposits to which the terms 
Cambrian and Silurian can be applied. In Bohemia, however, as in Great 
Britain and portions of North America*, the lowest zone containing Silu- 
rian remains Zone primordiale' of Barrande) is underlain by very thick 
basements of earlier sedimentary accumulations of Cambrian age, whether 


In North America the Hnronian rooks are, 
as far as known, asoic. Banging along the northern 
borders of Lakes Huron and Superior, they dis- 
appear in Wisconsin and Minnesota beneath the 
next succeeding formation, the Potsdam Sand- 
stone, or lowest set of strata in which Silmian 
fossils are known. This *Huronian System' of 
Logan is mapped in detail in the Atlas of the 
Geol. Bepon of Canada, 1863-5, where it is 


shown that the Lower Silurian rooks are sepa- 
rated from the Laurentian by eleven sones of 
these Huronian schists, quartzites, conglomerates, 
chert, and limestone, thus presenting a full equi- 
valent of the Cambrian strata of Europe. See 
also Dr. Bigsby’s elaborate comparison of the 
Cambrian and Huronian rooks, Quart Joum. 
Geol. Soo. vol. xix. p. 36 &c. 
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sandstone^ schist, or slate, which, though occasionally not more crystalline 
than the fossiliferons beds above them, have as yet afforded only rare 
indications of former beings. 

This is the important fact to which attention is now directed ; for in 
such instances the geologist appeals to strata which have undergone little 
or no alteration. In this enormous pile or series of early subaqueous 
sediment, composed of mud, sand, or pebbles, the successive bottoms or 
shores of a former sea, all of which had been derived from preexisting 
rocks, he has been unable, after many years of research, to detect more 
than a very few traces of former creatures. But lying upon them, and 
therefore evolved after them, other strata succeed, in which clear relics 
of a primeval ocean are discernible ; whilst these again are everywhere 
succeeded by deposits containing many organic remains of a more ad- 
vanced nature. In this way, evidences have been fairly obtained to show 
tliat the rocks hearing the name of Lauren tian and Cambrian constitute 
the sterile natural bases of the rich deposits termed Silurian. 

The hypothesis, that all the earliest sediments have been so altered as 
to have obliterated the traces of any relics of former life which may have 
been entombed in them, is tliercfore opposed by examples of enormously 
thick and often finely levigated deposits beneath the richly fossiliferons 
rocks, in which, if many animal remains had ever existed, traces of them 
must have been detected. 

Few words need here be said of those crystalline masses from which in 
numerous regions the materids of .->ome of the older sediments have been 
derived. Passing over the consideration of the most ancient granites, and 
other igneous or molten rocks, of which we cannot have distinct evidences, 
it has been shown that there are also strata (the Laurentian), now in a 
crystalline’ state, which either lie under or have been raised from beneath 
deposits of Cambrian and Silurian age. 

So long as there was no indication of animal remains in such funda- 
mental and cr}"stalline strata, I speculated on their having been formed 
at a period when the heat of the crust of the earth was antagonistic 
to the existence of li\ung beings; but with the discovery, in the Lau- 
rentian gneiss, of the Foraminifer Eozoon before alluded to, the term 
^ Azoic,' as applied to this the most ancient formation which has been 
brought to light, has necessarily been set aside. StiU, w e are not to suppose 
that the almost entire absence of organic remains in the Laurentian rooks is 
due to their crystalline character only ; for, in ascending to the next great 
system in the geological order, we have as yet been unable to detect any 
striking advance in the creatures which lived during the next very long 
period. This evidence, though negative, is all the more important inasmuch 
as in many regions the clay-slates and sandstones of this age, which lie 
beneath all the richly fossiliferons Silurian formations, are scarcely at all 
altered or metamorphosed. Proceeding upwards in our researches, we find 
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that such ancient grits and schists, evidently deposited by water from the 
waste of previous rocks, are succeeded regularly, and without disorder, by 
other strata, differing little from the former in composition, in which, at va- 
rious points of the surface of the globe, and at the same level or horizon, we 
obtain distinct relics of animals of a higher organization. Once introduced 
to these well-defined creatures in the < Primordial Zone ’ of Barrande, or 
true Silurian base, the explorer meets thenceforward with an abundant 
supply of organic remains in all the formations which were successively 
accumulated. 

The accompanying diagram explains at a glance this generalization, as 
established by an appeal to the structure of every well explored country, 
where the rocks exhibit the several terms in this long primeval series. 


G-eneeal Oedeu of the Primeval Stratified Rocks. 
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The strata marked 1 are the Laurentian or oldest known deposits, which 
have been formed out of some preexisting rocks, and contain the Eozoon. 
In No. 2 (the * Cambrian’ of the British Geological Surveyors), feeble in- 
dications only of former life have been detected. The overlying accumu- 
lations, 3, 4, 5, 6, 7, and 8, stand for the principal formations into which 
the Silurian System, with clearly developed and abundant life-groups, is 
divided. The granite, whether intrusive or metamorphic, is cc. 

It may here be noted that in no part of England and Wales have any 
strata been proved to be of more remote ago than the Cambrian, No. 2 of 
the above diagram — though in Scotland the still lower or true basement 
rocks exist, as has been already stated. 

Cambrian or Basement Bodes of the Silurian Region, and their equiva- 
lents in Wales, (See Map and its accompanying Section, colour No. 1.) — 
Let us first review the older rocks in the ascending order, as they were 
first studied in the western tract of Shropshire, where the lowest strata 
containing well-defined fossils are seen to repose upon a vast mass of still 
older and little altered deposits, in which slight traces only of former 
life have of late years been detected. It will afterwards be shown how 
the same succession prevails in the slaty regions of Wales, to which the 
Silurian classification was subsequently applied. 

The northern portion of the original Silurian Region, or the south- 
western part of Shropshire, is marked by a group of hills which presents 
to the eye an outline and a vegetation strikingly different from those of the 
surrounding elevations. When examined in relation to the contiguous 
formations, this mountainous mass is found to bo composed of the most 
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aucieht sediments of England and ^ales. Bearing the name of ^ the Long- 
mynd/ these round-backed hills, which flank the western side of the road 
from Ludlow to Shrewsbury, attain heights varying from 1400 to 1600 
feet above the sea. Ranging from N.N.E. to 8.8.W., they rise boldly out 
from beneath the surrounding Silurian deposits, of which they form the 
mineral axis. 

The annexed woodcut conveys some idea of their form to the spectator 
looking from one of the transverse openings on the eastern slope towards 
the valley of Church Stretton. The elevations perceived beyond these 
hills are, flrst the Caradoc ridge, then the Wenlock Edge ; the Clee Hills 
appearing faintly in the distance. 



The Longmykd*. 


The lowest strata of the Longmynd, or those forming the base of their 
eastern escarpment, range along the western side of the Stretton valley. 
They are thin, fragile, glossy schists or clay-slate, with two or three 
minute layers of siliceous limestone, each scarcely exceeding an inch in 
thickness. These beds, partially interfered with by bosses of eruptive 
rocks, dip to the W.N.W., and are overlain by a vast and regular series 
of hard, purple or plum-coloured, greenish, and grey schistose flag- 
stones and siliceous grits. The whole of this series can be well observed 
in order of superposition along the banks of the small brook which de- 
scends by the Carding-mill to Church Stretton, and in other parallel 
transverse gullies. Quartz veins occur here and there ; but on the whole 
these strata consist simply of sandstone rock, both schistose and gritty, 
and often finely laminated, in which the lines of deposit, and even the 
rippled surfaces of the beds, are distinctly visible, the mass being but 
slightly afiected by slaty cleavage. 

The rocks of the Longmynd proper, highly inclined to the W.N.W., arc 
overlain in that direction by other masses of very considerable dimensions, 
including purple sandstones, conglomerates, and grey schists, which range 


* This sketch, and several others relating to 
this tract, which w'ere mode use of in the publica- 
tion of the ‘ Silurian Sytem,’ were drawn by that 
sound geologist, the late Mr. Thomas Webster, 
many years Secretary of the Geological Society. 
These drawings were prepared to illustrate a ma- 
nuscript on the geology of Shropshire, intended 


for publication by my esteemed friend the late 
Mr. Arthur Aikin, but which he had put aside for 
soir .1 years, when, perceiving that I hM discovered 
in this region an order of succession which had 
escapi'd him and his associate, he kindly placed 
his materials at my service. 



SXCTION PROM THE LONGMTXD ON THE E.S.E. ACROSS THE StIPBB StONES TO THE TRACT OP ShELYE AHD CoREDON ON THE W.N.W. 

^ (From Sil. Syst. pi. 32. fig. 1. &c.) 

Shelve and Corndon Tract. Stiper Stones. The Longmynd. 
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[Chap. II. 

from Linley to Church Pulyerbatch, 
the highest of them dipping conform- 
ably under the remarkable quartzose 
ridge of the Stiper Stones. With 
these quartzites and their under- 
lying schists commence the Lower 
Silurian strata as originally defined. 

It is to this huge accumulation of 
schists, sandstone, grits, and pebbly 
beds, lying between the valley of 
Stretton and the Stiper Stones, that 
the term of ‘ Unfossiliferous Grau- 
wack^’ was first applied by me in 
1833, and which was afterwards 
changed into that of ^Cambrian’*. 
It is important here to remark that 
the thickness of these rocks in Shrop- 
shire has been estimated, by the 
Government Surveyors, at not less 
than 26,000 feet, as exposed in their 
highly inclined edges, the beds dip- 
ping, at the average inclination of 
about sixty degrees, to the W.N.W.t 
The opposite diagram, reduced 
from my original sections, repre- 
senting the general relations of these 
Longmynd or Cambrian rocks to the 
strata which were first defined as the 
Lower Silurian types, will convey a 

* See ProceedingB Geol. Soc. vol. i. p. 475. In 
this publication of the ysar 183U, after describing, 
in descending order, the Ludlow and Wenlock 
rocks as being underlain by ‘ Shelly Sandstones ’ 
and ‘ Black Trilobite Flagstones’ (the whole united 
in 1835 under the term ‘ Silurian ’), I thus spoke 
of the subjacent ‘ Red Conglomerate, Sandstone, 
and Slaty Schist,' forming the higher portion of 
the Longmynd : — “ This is a yast deposit of several 
thousand feet in thickness, consisting of very 
coarse quartzose conglomerates, which alternate 
with some schistose beds and much purple- 
coloured sandstone (the Compound Sandstone of 
Townsend), the strata of which in Haughmond, 
Pulyerbatch, and Linley Hills, Shropshire, are 
highly inclined or vertical, in conformity with 
those of the preceding formation. No organic 
remains have been observed, by which, and hy its 
very peculiar mineral structure, this formation is 
shown to be entirely distinct from the preceding 
(overlying) groups.’^’ See also Philosophical Ma- 
gazine and Annals of Philosophy, 1835, vol. zviii. 

S . 46; and Silurian System, p. 268, and pi. 82. 
gs. 1, 2, 3. 

t According to the same authorities, the Cam- 
brian rocks at Harlech in N. Wales, which are equi- 
valents of the upper portion, are about 8000 feet 
thick. 
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clear idea to the reader of that order which every geologist may examine 
for himself when he walks from the vaUey of Church Stretton across the 
Longmynd to the well marked ridge of the Stiper Stones, and thence into 
that typical Lower Silurian tract of the Shelve and Oomdon district, which 
will presently be illustrated. 

A second diagram, reduced by Mr. Aveline from one of the published 
large sections of the Geological Survey, and which will appear in the next 
Chapter, is a satisfactory confirmation of the views which, broached in 
1833*, were reiterated in 1835t (when the term Silurian was first applied 
to all the strata overlying the Longmynd), and were finally and fully 
developed, with coloured illustrations, when the ‘ Silurian System ’ was 
published J. 

In the ‘ Silurian System,’ as well as in Memoirs published some 
years previously by the Geological Society, I described the Longmynd 
rocks in detail, and showed that, besides the strata of mechanical and 
aqueous origin, there are associated with them greenstones and other 
intrusive rocks, which had in part altered the deposits they penetrated. 
It was further stated that some of the altered rocks contained copper 
veins, and that others had cavities lined with crystals of quartz, and occa- 
sionally with bitumen or mineral pitch §. The exudation also of mineral 
pitch from rocks of the same age and character, both at Haughmond Hill 
to the north of Shrewsbury, and at Pitchford to the cast of that town, was 
pointed out, as well as the frequent recurrence of thin strings of copper- 
ore. 

The geologist will naturally attach much interest to the occurrence of 
occasional fiakes of anthracite in these very ancient strata, and to their 
yielding petroleum. For if these substances were formed out of vegetable 
or animal matter, we can refer to little else than Seaweeds or Annelides 
as their sources ||. 

Neither in the period extending from 1831 to 1835, during which I 
first explored them, nor in subsequent years, when searched by the Geo- 
logical Surveyors, up to the time when the first edition of this volume was 
published (1854), had any traces of organic remains been discovered in 
these Longmynd rocks ; and hence, whilst their position and mineral cha- 
racters were described, they were still spoken of as ‘ unfossiliferous,’ or as 

* Proo. G-eol. Soc. vol. i. p. 476. his mind on this subject, the reader inay consult 

t Phil. Mag. & Ann. of Ph. 1885, p. 46. with advantage a memoir by M. Abich, in the 

I The ‘ Silurian System ' was really issued in Acad. Sc. St.-Pe5ter8bourg Bull. Phys.-Math. tom. 

1838, though 1889 is on the title-page. In proof of xiv. nos. 4 & 5, in which the author, insisting upon 
this, see Ly ell’s Elements of Geology, 1838, in the intimate connexion bi>tween the gases pro- 
which the leading data of the Silurian System are ceeding from mud- volcanos and other volcanic 
quoted from my work. outbursts, dwells on the close geological affinity 

$ The manner in which certain cavities of these existing between all such operations, including 
rocks are filled with bitumen and small patches of hot springs, &c., and the different soits of bitu- 
anthracite (Sil. Syst. pp. 260, 265 et seq.% and also men, asphalt, &c. M. Abich views petroleum 
the veins oi copper-ores which they contain near Gike that which issues from the rocks of Pitch- 
the junction of the intrusive rocks, are facts ford and Haughmond Hill : see diagram, Sil. Syst. 
worthy of attention. p. 265) as a compound primitive body engendered 

II The origin of the bitumen exuding from the in the interior of the globe, whence it rises like 
interior of wese very ancient deposits is neoes- carbonic acid, of which the real origin is also un- 
•arily most difficult of explanation. To satisfy known. 
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^ having not yet afforded signs of any former beings/ That few animals 
existed during the formation of these rocks has received support from the 
experiments of Dr. Daubeny, who has been unable to detect any phos- 
phate of lime in them, though in all the overlying Silurian formations in 
which animal remains occur there are abundant indications of that mineral. 
Even in the slender calcareous laminse discovered by Mr. Salter at Church 
Stretton, Dr. Percy could not detect any appreciable amount of the phos- 
phate. The determinations of the chemist are thus in perfect harmony 
with the conclusions of the geologist and paleontologist, in establishing a 
decrement of life as we descend through the strata forming the crust of 
the globe. (See Appendix B.) Mr. Salter was so fortunate, however, 
as to discover traces of animal life in these old sediments. In several 
courses of the hard, siliceous, purple and grey flagstones, low in the series, 
and overlain by many thousands of feet of strata in which no fossils have 
been detected, he discovered certain indications of the existence of fl’nimnla 
during the Cambrian period. 

The impressions represented in Foss. 2, f. 1, are described-as the surface- 
holes made by Annelides, which, like the Lob-worm of our coasts, formed 
burrows in the sand. These impressions are distinguished by the name 
of Arenicolites didyma"*^. Together with the sinuous tracts or trails of 
such animals, Mr. Salter also found in the minute markings upon the rip- 


Fossil (2). 

Fig- L Fig. 2. 



Fig. 1. Burrows of Annelides allied to Fig. 2. Part of a Trilobite: Palcco- 
Arenicola. (Arenicolites didyma, Salter.) pjge Bamsayi, Salter. 

pled surface of the strata, evidence of littoral or shore conditions, an 

inference which is strengthened by the occurrence of the beds of water- 
worn pebbles which are seen to prevail in the same scries of strata as you 
ascend towards the summit of the Longmynd. 

The fossil next represented (Foss. 2, f. 2) is described by Mr. Salter as 
the caudal part, or pygidium, of a Trilobite, which he named Palseopygo 
Bamsayi. He considers it to be probably allied to the crustacean Dike- 
locephalus, described by Dale Owen, from some of the lowest beds of the 
‘ Silurian series ' of that author, in the region of Wisconsin, Iowa, and Min- 
nesota (United States)t. 


* Journ. Geol. Soc. Lond. vol. xii. p. 248. 
t See the work, by Dale Owen, entitled ‘ Eeport 
^ a Geolo«cal Survey of Wisconsin, Iowa, and 
Minnesota. Philadelphia, 1HS2. The Longmynd 
fossils are described in the Quarterly Journal of 
the Geological Society, vol. xii. p. 216, 1856 ; and 


vol. xiii. p. 199. A head of the same kind of crus- 
tacean has been since found by Mr. Marston, of 
Ludlow, in the same Longmynd beds, near Minton, 
and is figured in the Chart of Fossil and Keoent 
Crustacea, by Messrs. Salter, Woodward, and 
Lowry, 1865. 
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Desirous of ascertaining whether these faint signs of primordial life 
might not lead to better evidences of a clear and recognizable fauna, I 
requested Mr. Saltor, accompanied by a zealous young collector (Mr. John 
Khind), to re-examine, in detail those Longmynd strata in which it 
appeared likely that any other fossil could be detected. These researches 
brought to light several highly curious confirmations of the minute tracks 
or impressions having been made by Annelides. 

Let us here observe that tho fine aggregation and unaltered condition of 
these sediments have permitted the minutest impressions to be preserved. 
Thus not only are the broad wave-marks distinct, but also those smaller 
ripples which may have been produced by wind, together with apparent 
rain-prints, as seen upon mud, and even cracks produced by the action of 
the sun on its half-dried surface. Again, as a further indication that these 
are littoral markings, and not the results of deep-sea currents, the minute 
holes left by the Annelides (fig. 1) are most conspicuous on the sheltered 
sides of the ripples in each slab. 

Surely, then, if many animals of a higher organization had existed in this 
ancient period, wo should find their relics in this sediment, so admirably 
adapted for their conservation, as seen in the markings of the little Sea- 
worms, accompanied even by tho traces of atmospheric action. 

In North Wales, where the same Cambrian rocks occur, no fossils, except 
such as are called Fucoids, have been detected in them. In Ireland, how- 
ever, where masses unquestionably of the same age prevail in tho pic- 
turesque rocky tract to the S. and S.S.E. of Dublin, they contain two 
species of a supposed Sertularian Zoophyte, which, having been detected 
by Professor Oldham* in the purplish hard schists of Bray Head, received 
from Professor Edward Forbes the appropriate name of Oldhamia. 

Of these two Zoophytes (?), or perhaps Corallines (Stony Algals), one is 
here figured. It occurs in the hard rocks at Bray Head and Carrick Mac- 
Beilly, Wicklow, but is most abundant at the last-mentioned of these 
places. Oldhamia antiqua (Foss. 3), 0. radiata, and a variety are care- 
fully delineated by Salter in Ramsay’s ‘ Geology of North Wales,’ pi. 26. 

This obscure fossil, reminding the naturalist of the Sertularia, may have 
been really only a Seaweed, With the Oldhamia abundant traces of An- 
nelides, similar to those of the Longmynd, have also been found by Dr, 
R. Kinahan; and tho same observer has attributed certain cylindrical 
cavities in these rocks to a boring Annelid, called by him Histioderma 
Hibernicumf. In the sequel, when treating of rocks and their age in the 
North-western Highlands, similar tubular cavities and infillings, also re- 
ferred to Worms, as described by Salter, will bo mentioned. (See also 
Quart. Joum. Geol. Soc. vol. xv. p. 368.) 

* Theft Local Director of the Geological Survey worm-like b<^es of the Irish Cambrian rocks, by 
of Ireland, and now the able Director of the Geo- Mr. W. Hellier Baily, F.G.S., in the ‘ Geological 
logioed Survey of India. Magazine,’ Sept. 18(55. Mr. Baily and Mr. Salter 

t Trans. Hoy. Ir. Acad. vol. xxiii. p. 547. See a follow Dr. Go<*ppert in doubting the animal cha- 
clear account, with diagrams, of the zoophytic and raoter of Oldhamia : so also Dana. 
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These, then, are the only signs of former 
life we have yet become acquainted with, after 
the most assiduous researches in the Cambrian 
deposits of such vast dimensions, which are 
often, I repeat, less altered than much younger 
rocks replete with organic remains. 

Let us now mark the same first clear steps 
in the geological series of North Wales, as 
worked out by the Geological Surveyors, and 
indicating a succession similar to that first de- 
scribed in Shropshire. 

In the well-known scene figured below, 
the spectator is supposed to be looking to 
the Pass of Llanberis, from the lower lake of 
that name, the heights of Snowdon being in the distance on the right 
hand. In the foreground, and on both sides of the ruined castle of Dol- 
badam, the faces of the cliffs exhibit flexures of the oldest strata here 



Pass of Llanbekih, from tjie Lower Lake. 

visible. These are the purplish and grey slaty rocks (No. 2 of the 
section at p. 24, and No. 1 of that at p. 26) whose structure and re- 
lations in North Wales have been so well described by Professor Sedg- 
wick. Containing the best roofing-slates in the world*, and subor- 

in tht* masBos to on the N.N.E. A very instructive diagram, renre- 
tne leit nancl or tin* loregronnd, and w«‘re the pro- senting the* eurvt‘B of the original strata at Llan* 
perty ot the late Mr. T. Assheton Smith. Thence herie, and the manner in which they are traversed 
they range to the great quarries of Lord Penrhyn, by planes of slaty cleavage, is given by Professor 


Fossils (3). 



Oldhamia antiqua (E. 
Forbes), from Garrick Mac- 
Reilly, Ireland. 

(Remains of Fucoids ? arc 
occasionally found with this 
fossil.) 
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dinate courses of grit, with rocks of igneous origin intermixed, they 
are seen to fold over and plunge to the E.S.E., so as to pass under the 
great and massive succession of schists constituting the distant heights 
of the Snowdon range. The reader will observe that faint slanting lines 
have been introduced into the drawing to represent this ascending order, 
which the geologist can observe for himself, as he examines the sides of the 
valley in passing from the unfossiliferous slaty rocks of Danbeiis, up to the 
overlying strata (2% 2^, 2®, of the section below the Map), which, by their im- 
bedded organic remains, are known to be of Lower Silurian age. The 
rocks in the foreground stand in the place of the Longmynd, whilst the 
overlying or distant masses are the equivalents of the Stiper Stones, Shelve, 
and Comdon of the previous section, and even of the Caradoc Sandstone of 
Shropshire. 

A like succession, and a clearer one as regards the exposition of the 
fossils of the next overlying zone, is seen near Tremadoc on the north, and 
Barmouth on the south side of the hard Cambrian rocks of Harlech, which 
represent the upper portion of the Longmynd series. There they also pass 
under the lowest member of the Silurian rocks — ^the Lingula-flags — as 
explained in a diagram prepared for me by Professor Ramsay, for which 
see the next Chapter. 

The generalized coloured section at the bottom of the annexed geological 
map, also prepared by Professor Ramsay, who, with his associates. Jukes, 
Aveline, and Selwyn, established the important identification of the slaty 
rocks of North Wales with their unaltered equivalents in the Silurian Re- 
gion, will at once render the subject intelligible to the reader (see Preface). 
In the two fundamental masses, therefore, of the Longmynd, on the east, 
and of Uanberis and Harlech, on the west, are represented the oldest 
sedimentary rocks of England and Wales *. 

Rocks similar in character to those of the Longmynd, Llanberis, and Har- 
lech, and rising out, like them, from beneath all the Lower Silurian rocks, 
occur also at and near St. David^s in South Wales. There again, as in North 
Wales, no fossils have been detected in them; but they are conformably over- 
lain, according to observations made by Mr. Aveline and Mr. Salter, as in 
Shropshire and Merioneth, by strata in which the earliest conspicuous groups 
of animals have been detected. These British examples are well supported 
by an analogous succession in Bohemia, where Barrande has indicated the 
presence of an enormous mass of clay-slate apparently devoid of fossils t, and 
forming the natural base of his ‘ Silurian basin of Bohemia.’ In that region 

Bedffwiok, Quarterly Journal of the G-eologioal ti on of the strata. In both, copper and lead ores 
Society of London, vol. iii. p. 138. Por a correct occur, and in parts of Merionethshire cold also 
acquaintance with all the faults and fractures of appears. The auriferous conditions of the Lower 
these n^s, the geologist will, of course, consult Silurian rocks ofNorthWales will be subsequently 
the subsequently published maps and sections of explained. 

the O-oyernment Surveyors. t No fossil, except Eozoon Bavarioum, Gttmbel, 

* It is also worthy or remark, that in the long and some Annelide markings or Fucoids, has been 
transverse section below the Map, extending in a discovered in the vast thickness of clay-slate of this 
right line over 90 miles of country, the lowest region ; whilst Eozoon Canadense is quoted from 
rooks, near each extremity (in Carnarvonshire as the underlying crystalline limestone subordinate 
in Shropshire), are accompanied by mineraliza- to the Laurentian gneiss. See Chapter XV. 
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also, as in Scandinavia, the lowest or earliest traces of those forms of ani- 
mal life which characterize the Silurian System occur in what that author 
terms the * fitage C ’ or ' Zone Primordiale,^ equivalent to the lingula- 
flags of the British Isles. 

In the next Chapter we shall open out these interesting pages of the 
history of primordial life, in which we read off with precision how in suc- 
ceeding strata, accumulated beneath the primeval seas, different animals 
were added in each zone. 

In concluding the subject of the Cambrian rocks, however, a few words 
must be offered concerning two natural physical phenomena previously 
adverted to, by which the ancient deposits we are now considering have 
passed, in I^^orth Wales, into states very different from their condition in 
the Longmynd. , 

Slaty Cleavage . — The lowest rocks of North Wales, are often, as before 
mentioned, in the condition of true slates. In this respect they present a 
very different aspect to the strata, of the same age, which constitute the 
Longmynd. For, although it was remarked in the ‘Silurian System’ 
(p. 258) that the Cambrian rocks of the Longmynd had more of a slaty 
character than any of the overlying deposits of the Silurian region, I 
pointed out that such cleavage was rude, irregular, and indeed apparent 
upon a large scale only. The materials composing the rocks of the Long- 
mynd and those of the north-western part of Carnarvonshire, however, are 
essentially the same. In both, very fine sand and mud, chiefly purplish, 
greyish, or greenish, have been accumulated in countless thin laminae of 
varying colours, with here and there an interstratified and coarser bed. 



Slaty Cleavage and Bedding. (From Sil. Syst. p. 400.) 

The strata in undulation are represented by the curved linos. The lino oblique 
lines represent the slaty cleavage. (The dark tint represents the portions of a moun- 
tain in which the layers of deposit and lines of cleavage coincide.) 


They are further surmounted in both tracts by the lowest Silurian strata, 
containing many of the same fossils, whether in Shropshire, Carnarvonshire, 
or Pembrokeshire. But stiU the Welsh rocks differ strikingly from their 
Shropshire equivalents. The latter, when struck by the hammer, usually 
break up along their original lines of stratification, like other ordinary 
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sedimentary rocks ; whilst the North- Welsh strata of the same age have 
been so affected by a distinct rearrangement of the fine particles of mnd 
and sand of which they were originally composed, that they will only split in 
a direction mostly transverse to the original bedding, cleaving, in fact, into 
countless, thin, hard plates, all precisely parallel to each other, — in other 
words, the finest roofing slates. This diagram will explain the distinction 
between original bedding, as indicated by the stronger curvilinear lines, 
and the finer slanting fines of the superinduced slaty cleavage, to which 
the weathered and the jagged edges of some of the mountains of Wales 
are due. 

To whatever force you subject hand-specimens (c) of the rock so affected, 
they will only break in the direction of the fine plates, or, in other words, 
along the fines of slaty cleavage. Whilst, to the geologist, the original 
layers of deposit are apparent, as marked by grey, purple, and greenish- 
coloured different laminae, the unpractised observer is easily deceived (like 
geologists of the old school), and often mistakes these slaty plates for 
lines of stratification. 

To Professor Sedgwick is justly assigned the merit of having first 
taught the true distinction between slaty cleavage and stratification ; and 
his valuable observations have had a wide application. Por this slaty 
impress has affected not only the oldest rocks of Carnarvonshire, where the 
finest slates are obtained, but also most of the overlying Silurian forma- 
tions in Wales ; whilst in the original Silurian region the same rocks are, 
as before said, exempt from it. Slaty cleavage prevails also in the Devo- 
nian schists of the Rhine and Devonshire, and in the Lowest Carboniferous 
strata of Devonshire and Ireland. In short, although this structural 
arrangement was, in the early days of geology, looked upon as an indica- 
tion of the great antiquity of the rocks in which it prevailed, and thus led 
to serious mistakes, the phenomenon is now known to be one which in 
Britain reoccurs throughout the Palaeozoic rocks up to the Carboniferous 
inclusive. 

Those who wish to be better acquainted with this striking phenomenon 
will do well to consult, in the first instance, the excellent memoir of Sedg- 
wick, who, distinguishing, as before said, cleavage from stratification, 
referred this mighty change in the strata to some grand operation in which 
heat and electricity were probably combined ; or, in the words of that 
author, crystalline or polar forces have re-arranged whole mountain- 
masses, producing a beautiful crystalline cleavage passing alike through 
all the strata ” 

Subsequently Professor John Phillips t and Mr. Daniel Sharpe J led the 
way in propounding another theory, the chief feature of which has been 
ably sustained and illustrated. Observing that the fossil shells entombed 
in certain slaty rocks of Wales, Westmoreland, and Devonshire were dis- 

* Trans. Geol. Soc. Lond. 2nd Ser. vol. iii. p. 477. I Quart. Journ. Geol. Soc. Lond. vol. iii. p. 74 ; 
t Efp. Brit. Assoc. 1843, Sect. p. 60. and vol. v. p. 111. 
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torted in directions athwart the original layers of deposit, they inferred 
that the planes of cleavage which had so deformed the shells had mainly 
resulted from mechanical forces compressing the sediment at right angles 
to the lines of cleavage. Mr. Sharpe also, in further illustrating this sub- 
ject, agreed with Sedgwick in regarding the phenomena of cleavage as being 
partly duo to the action of some unknown and peculiar crystalline force. 

Sorby, adopting the mechanical portion of this view, demonstrated its 
truthfulness ♦ by a series of ingenious experiments, clearly showing how 
the numerous flattish unequiaxed particles of the ancient mud and sand, 
out of which slate has been formed, had in all cases aided the great cause, 
or lateral compressing force, in producing cleavage. 

Adhering exclusively to the mechanical theory, Tyndall f further deve- 
loped the subject. He added the fact, that the production of cleavage was 
aided by the extension, under pressure, of the minute interstitial cavities 
which must exist in even the most finely levigated mudstones. 

Passing over certain slight differences, these authors, as well as Professor 
Phillips, agree essentially in affirming that cleavage is duo to mechanical 
causes, or that slates are highly compressed strata. 

Whilst it is beyond my present object to dilate upon the forces that pro- 
duced a phenomenon which, however it may be explained, throws no light 
upon the order of the strata, I might be permitted to suggest that the 
geologist may, with profit, follow Sharpe ; and, in accepting the suggestions 
of Sedgwick, he may endeavour to combine them with the purely mechanical 
theory of Sorby and Tyndall. 

If the last-mentioned authors have succeeded (as I think they have) in 
demonstrating that powerful lateral pressure was a main cause in the for- 
mation of slates, I am still disposed to agree with Sharpe, that this cause 
alone could scarcely have produced such results as we see in the wonder- 
fully minute parallel cleavages of a whole mountain-chain, had not the 
rocks at the same time been cogently affected, as Sedgwick supposed, by 
such forces as heat and electricity, combined with vapour, mineral waters, 
and great lateral pressure J. 

Not dwelling longer, however, upon this physical problem, I Would re- 
mind the reader that, once having obtained a clear insight into the distinc- 
tions between cleavage and stratification, the geologists who have long and 
patiently laboured in the Welsh mountains have been enabled to trace the 
symmetry of deposits, whose slaty composition, and frequent perforation by 
igneous rocks of various characters, had veiled them in an obscurity from 
which their equivalents in Shropshire, Herefordshire, Eadnorshire, <fec., or 
the unaltered region of Siluria, are almost entirely exempt. 


* Edinburgh New Phil. Joum. vol. Iv. p. 137; 
Phil. Mag. 4th Ser. \oL xi. p. 20; ibid. vol. xii. 
p. 127. 

t Phil. Mag. 4th Ser. vol. xii. p. 35; ibid. p. 129. 
J The reader who desires to be acquaintea with 
all the phenomena relating to thisdiffioult subject, 
indnding the foliation of rocks, must dso consult 


some other important works, vis. ‘ Geolt^cal Ob- 
servations in South America,' p. 163, 1^ C. Darwin, 
and D. Sharpe’s * Besearohes on the Symmetry in 
the Arrangement of the Planes of Cleavage over 
large areas,’ Phil. Trans. 1852, p. 445; Joum. Oeol. 
Soc. vol. iii. p. 87 ; and Phillips’s Beport on Clea- 
vage, Brit. Assoc. Bep. 1857. 
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Metamorphic Cambrian Rocks , — It has been stated that there are no 
rocks in South Britain of more remote age than the basement sediments 
which occupy the Lougmynd and the parts of North and South Wales 
already spoken of. For a long time^ indeed, it was believed that the 
schists and quartzose and felspathic rocks of the Isle of Anglesea, judging 
from their crystalline character only, were more ancient than any of the 
masses of the adjacent mainland*. Such, however, is not the case. The 
preexisting Laurentian rocks, out of whose materials were formed the 
strata of the Longmynd in Shropshire, of the Llanberis, Bangor, and 
Harlech mountains in North Wales, and of St. David’s in South Wales, 
having long ago subsided beneath an ancient ocean, and having been 
covered over by the Cambrian strata of which we now treat, are in the 
British Isles apparent as dry land only in the North-Western Highlands 
and Hebrides (see above, p. 9). 



COKTOIITEI) CllYSTALLINB ScillSTS AT TUB SoCTlI StACK LiGIlTllOimE, AnGLESEA. 


By the observations of the Government Geological Surveyors, and chiefly 
}y those of Professor Ramsay and Mr. Selwyn, it has been ascertained that 
he hard and crystalline rocks of North Wales, whether bn the coast of 
Carnarvon Bay, ranging southwards to the island of Bardsey, or in the isle 
f Anglesea, are simply altered portions of the same slates and grits which 
onstitute the base of the Cambrian deposits in the counties of Camarvon 
nd Merioneth. In other words, these old strata have, by the intrusions of 

See the &eoloffioal Maps of England and as well as the ‘Outline of the Geolop of England 
'‘ales, by WilUam^mith and Greenough, and and Wales, by Conybeare and Philhps. 

^en the edition of the latter published in 1S39 ; 
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granite, syenites, porphyry, &c., been altered at some spots into chloritio 
and micaceous schists, in others into quartz-rock, accompanied by most 
extraordinary flexures of the beds*. Agreeing with Professor Eamsay, 
Mr. Selwyn, and my other friends of the Geological Survey, that this is a 
true explanation of the case, a small sketch is here annexed, to indicate the 
amount of cuiwature which these metamorphosed strata have undergone, 
as seen at the promontory of the South Stack Lighthouse, near Holyhead, 

In Anglesea these contorted, crystalline rocks, with their intruded 
igneous rocks, are overlain by, and associated with, stripes or patches of 
different paleBozoic rocks, of Silurian, Devonian, and Carboniferous age, — 
thus forming a network which the most experienced geologist might have 
difficulty in unravelling. Their outlines are very accurately defined in the 
sheets of the Government Survey Map, and are well and fully described in 
the ‘ Geology of North Wales ’ (1866) by Eamsay, pp. 164, 174, &c. The 
whole of the bands, with their southward extension for many miles along 
the edge of Carnarvon Bay, have a direction or strike from S.S.W. to 
N.N.E., in common with that of the huge buttresses of the Cambrian grit, 
slate, and sandstone already noticed, which form the western flank of the 
mountainous range of Snowdon. (See the annexed Map.) 

It is to the lowest of these sedimentary rocks of the Silurian Eegion and 
North Wales, whether Kttle changed as in the Longmynd, in a slaty con- 
dition in Carnarvonshire, or quite metamorphosed in Carnarvon Bay and 
Anglesea, that the term ‘ Cambrian ^ was restricted by the late Sir H. De 
la Beche and his associates the Geological Surveyors ; and I have naturally 
adhered to a definition which coincides precisely with my earliest concep- 
tion of the order of succession in the Silurian Eegion. 

The metamorphosis of the Cambrian rocks of North Wales is an example 
on a smaller scale of the grand changes by which the Lower Silurian rocks 
of the Highlands of Scotland have been converted into gneiss, mica-schist, 
&c., as will be explained in the Eighth Chapter. 

^ The reader will find an admirable account of with very ^eat profit, was at that earlv date a 
some of the metamorphosed strata of Anglesea, truly remarkable proof of the geological powers 
and their contortions, in a memoir by the late oftnat eminent naturalist and most excellent man. 
Professor Hendow, published as far back as the Transact. Cambridge Phil. Soc. vol. i. p. 15. 
year 1822, This work, which may still be read 
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CHAPTER III. 

LOWER SILURIAN ROCKS. 

ASCENDING ORDER OP THE STRATA FROM BENEATH THE BTIPER STONES TO THE LLANDEILO 
FLAGS OP SHELVE, IN THE ORIGINAL TYPICAL TRACT OP THE SILURIAN REGION. — SIMILAR 
ORDER OF STRATA IN WALES PROM THE LINGULA-FLAGS UPWARDS. — THE LLANDEILO ROCKS 
AND THEIR FOSSILS AS EXHIBITED IN SHROPSHIRE. — THE RANGE OP THE SAME FORMATION 
WITH ITS CHARACTERISTIC FOSSILS THROUGH WALES. — DISTINCTION BETWEEN THE LLAN- 
DEILO AND CARADOC FORMATIONS BY INPRAP08ITI0N AND BY FOSSILS. — GRAPTOLITES 
EXCLUSIVELY SILURIAN. 

Let us now continue our survey, reverting to that district of Shropshire 
in which, as has been shown, the Cambrian rocks are more largely de- 
veloped than in any other part of England and Wales, by examining the 
fossiliferous strata which, resting conformably upon the upper ledges 
of the Longmynd, have, from the period of my earliest researches, been 
classed as the Silurian types. The lowest of these bands is seen be- 
neath the ridge called the Stiper Stones, than which there are few more 
striking features in the physical geography of the British Isles. Trending 
in a broken, mural line from N.N.E. to S.S.W., these stony masses appear 
to the artist like insulated Cyclopean ruins, jutting out upon a lofty moor- 
land ridge, at heights varying from 1500 to 1600 feet above the sea. On 
reaching the summit of this barren height, the traveller sees below him, to 
the west, a rapid slope, and beyond it a picturesque hilly tract, the strata 
of which are laden with Lower Silurian fossils, and diversified by a variety 
of rocks of igneous origin. In short, he has then within his view the 
original type of formations which, raised to greater altitudes, and affected 
by a slaty cleavage, occupy large mountainous districts in Wales. 

The geologist who becomes familiar with the protruding bosses called 
the Stiper Stones perceives that they are outstanding fragments of a thick 
band of siliceous sandstones, resting upon dark-coloured schist, which I 
consider to bo the equivalent of the Lingula-flags of ales. Though in 
parts veined, altered, and fractured, and occasionally passing into crystal- 
line quartz-rock, the Stiper Stones yet form an integral portion of a great 
schistose formation. 

Extending from Pontesbury near Shrewsbury on the N.N.E. to Snead 
near Bishop’s Castle on the S.S.W., or for a distance of upwards of ten 
miles, these siliceous rocks, together with their inferior black schists, 
though subjected to several transverse breaks which have given slightly 
divergent directions to portions of the chain, maintain steadily their rela- 
tion to the Cambrian or Longmynd series on the east, and to their over- 



Section showing the relations of the Lower Silurian Eocks in the West of Shropshire. 
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lying associated Silurian strata, being con- 
formably underlain and overlain by dark grey 
schists. In fact, they constitute the natural 
base of the Llandeilo rocks (Lower and Upper) 
of the Shelve and Comdon district ; and they 
graduate upwards into these, dipping at high 
angles to the N.N.W., as represented in the 
previous general section, p. 26 , and also in 
this diagram, taken from one of the published 
sections of the Government Survey. 

The dark schists, beneath the quartz-rocks, 
which I place in the same level as the Lingula- 
flags, have not as yet yielded fossils, and are 
obscured by intrusions of greenstone. 

In the peaks known as the Stiper Stones, 
the rock has all the appearance of having been 
altered by the influence of the heat which 
must have accompanied the evolution of those 
igneous rocks (chiefly greenstone) which occur 
on both sides of the ridge*. When most crys- 
talline, it is often intersected by veins of vi- 
treous quartz; and on the broken and weathered 
fragments are exposed numerous small white 
facets of quartz crystals, presenting a vivid 
contrast to the dull brown heath over which 
they are strewn. In the first of the accom- 
panying sketches t> in which the spectator is 
looking along the ridge to the S.S.W., the 
valley on the left hand has been excavated in 
the uppermost strata of the Longmynd rocks 
not far to the north of Linley. 

In the following sketch, on the contrary, 
the protruding rocks are the culminating por- 
tions of the rapid slope before adverted to, the 
strata of which form an integral part of the 
Lower Silurian Rocks. 

The altered condition of these rocks is again 
instructively exhibited at Granham, to the 
north of Yessons Coppice, near Pontesbury, 
where the chief mass is white and crystalline, 
much fissured, and penetrated by a vein charged 

* SeTeral additional boBeea of ffreenstone have been detected 
by Mr. G-ibbs on the eastern side of the ridge ; and these 1 ex- 
amined when visiting this interestine tract in September 1866. 
t From a drawing by the Bev. John Parker of Sweeny. 
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with anthracite, small flakes of which are disseminated through the rock. 
In following these ledges of quartz-rock, whether to N.N.E. or S.S.W., 



The Kastbkn Face of the SriFFiii Stones. 


we find them passing into coarse grits and siliceous sandstone. At Nils 
Hill, close to Pontesbury, where the ridge has subsided to a low elevation, 
the rock loses much of its altered character, and, being largely quarried as 



The Western Face of the Stifku Stones. 


a road-stone, is much more clearly exposed than in the higher parts of its 
range. The strata dip at the high angle of 60° to 70° to the W.N.W., 
and are there exhibited in a thickness of from 800 to 1000 feet. The 
beds, varying in dimensions from a few inches (many of them being 
* flagstones’) to two and three feet, are separated by way -boards of sandy 
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shalo, and the lower dividing laminso are here and there composed of 
greenish and white nnctuons clay*. 

On the surface of some of the numerous flag-like beds are broad wavy 
undulations, and also the ripple-maiks so common to many sandy deposits. 
Together with these are also ramose and twisted forms, some of which are 
possibly the casts of Seaweeds, whilst others, such as the Chondrites, 
M‘Coy, aud Cruziana, d’Orb. (Bilobites, Cordier), may bo due to the trails 
of Annelides, or to the burrows and galleries made by Crustaceans. 

Mr. Salter has satisfied me that some of the more tubular cavities 
and cylindrical bodies are the borings and casts of worm-like animals, 
and may well represent the Scolithus linearis described by the eminent 
American palmontologist James Hall, — a fossil which characterizes the 
Potsdam Sandstone, or lowest Silurian rock of North America. The ver- 
tical tubes, curved at their base, and their trumpet-shaped openings, are 
well preserved, and of a size equal to those made by the common Lob- 
worm on our coasts. These appearances are represented in the accom- 
panying woodcut. 

Fossils (4). Annelide-buhhows in the Stipeii Stones. 


A moBB of sandstone 
witli tlio vertical 
tubes of saiid-bur- 
powing Annelides 
(Soolithus linearis 
of Hall). 



The burrows have 
two apertures, and 
are connected below 
by a loop-like tube, 
as at a. 


Numerous fragments of Lingulae having been discovered, both in the 
beds immediately beneath, and in those overlying this siliceous rockf, 
there can be little doubt (especially as they repose upon the rocks of the 
Longmynd, and graduate upwards into the great mass of the Lower 
Silurian Rocks) that the band of the Stiper Stones, with its associated 
underlying black schists, represents, on the whole, the ‘ Zone Primordialo’ 
of Barrande — that is, the Lingula-flags, upper and lower, of North Wales. 
It is well to observe that the finely micaceous sandy shale or schist 
which underlies the more siliceous portion of the series has a great 
similarity in composition to the beds above these quartz-rocks. In short, 
the whole of the beds are so knit together, and pass so imperceptibly 

* See ‘ Silurian Syetem,’ pp. 284-6, for further search, I reexominc'd the northern jjortion of my 
details respecting tne structure and relations of old ground, accompanied by Mr. Gibbs, and had 
these rocks. the satisfaction to detect some of these Lingulee, 

t These fossils, and many others in the beds as well as siliceous flagstones with Scolithi, in an 
immediate^ overlying the Stiper Stones, were integral part of the Stiper Stones at Eskridge, 
found by Mr. Gibbs, the able collector of the near Lord's Hill. 

Geologic Survey, in August 1856. During this 



Chip. III.] 


UNGULA-FLAaS OF WALES. 


41 



into the superior strata, that no boundary-line 
can possibly be drawn upon a map, between the 
rocks composing the Stiper Stones, and the hard, 
grey, arenaceous, flag-like shale into which they 
graduate, — the latter, too, containing organic 
remains, some of which belong decidedly to the 
Llandeilo formation. (See ‘ Silurian System,’ 
pp. 268, 270, 274, 280, 283 et seq,, and pi. 32. 
figs. 1, 2 & 3.) 

The special Lingula of the Stiper Stones has, 
it is true, been detected in numerous small frag- 
ments only ; and, whilst the lower beds in the 
eastern escarpment unquestionably occupy the 
same stratigraphical position as the Lingula-flags 
of Wales, yet, judging from the fragments, it 
appears that the species of the Stiper Stones is 
not the prevalent Lingula Davisii of the Welsh 
slates. WTien, however, we recollect the extent 
to which the strata of the Stiper Stones have 
been altered, and the rarity and broken con- 
dition of the'Lingulai detected in them, the 
specific difference of the one as yet met with is 
perhaps of no great importance ; for, as we shall 
presently see, there are, in Wales, other forms 
of Lingula associated with L. Davisii. 

It is here, also, to be borne in mind that the 
Stiper Stones are not less than sixty miles dis- 
tant from their equivalents near Tremadoc, and 
that the deposit has changed its character, be- 
coming much more sandy. The plain facts, how- 
ever, are, that a Lingula-zone in Shropshire, as 
in Wales, lies conformably upon the Cambrian 
or Longmynd rocks, and in both tracts, as will 
soon be shown, gradually passes up into beds 
charged with the same Lower Llandeilo species 
of organic remains. 

Ungula-flags of Wales , — The Lingulae which 
particularly characterize this zone were for a 
long time unknown even to Professor Sedgwick, 
who had described the position and mineral cha- 
racter of the slates in which these fossils occur. 
They were first discovered near Tremadoc by Mr. 


E. Davis in 1845 ; and, from their general similarity to some forms of the 
genus found abundantly in well-known Silurian rocks, he then termed the 
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slates which contained them Silurian*. The classification followed in this 
work, which groups the Lingula- (and Agnostus-) fiags of North Wales 
with the Lower Silurian rocks, was first adopted by the late Sir Henry 
De la Beche and his associates of the Geological Survey. M. Barrande has 
identified this band with the <Zone Primordiale’ of his Silurian basin, 
whilst this view has been adopted by M. de Yemeuil and geological authors 
generally on the continents of Europe and America. 

The preceding sectional diagram, drawn by Professor Ramsay, gives the 
general ascending succession both to Moel Hebog on the flanks of Snowdon 
on the north-west, and to Cader Idris on the south-east. It shows how 
on each side of an axis or dome of the Cambrian rock of Harlech, or the 
equivalent of the upper portion only of the Longmynd, there is a zone of 
Lingula-flags, and how each of these is in its turn overlain by other Lower 
Silurian deposits with interlaminated igneous rocks. The order in North 
Wales is therefore similar to that in Shropshire, as exhibited in a prece- 
ding woodcut, p. 38. The conformable passage upwards from the basement 
rock into the Lingula-flags, which is well seen in several other localities, is 
also hero represented as observed at Barmouth. 



a b h 


a. Grits and schists ; Cambrian (Upper Longmynd) rocks. 
h. Lingula-schists, with imperfect transyerse slaty cleavage (white linos). 

The Lingula-flags in North Wales are, for the most part, light-grey, 
glossy, arenaceous schists, associated above and below with black and rusty 

slates t. 

The chief fossil, a flat bivalve shell, the Lingula t Davisii, as figured in 
the following woodcut (Eoss. 5, fig. 1), has a covering which is very homy, 
and only slightly calcareous, showing that its inhabitant was suited to 
the conditions of a sea-bottom composed of mud and sand and con- 
taining but little lime wherewith to supply the fabric of the thicker 
shell of other mollusca. It is, indeed, a remarkable fact, that in the 
vast thicknesses of the inferior or unfossiliferous greywacke before ad- 
verted to (p. 28), there is little or no lime, and scarcely the trace of a 
shell; whilst in these the lowest strata in which calcareous matter is 

* Quart Joum. G-eol. Soc. Lend. vol. ii. p. 70. foBsils collooted in Pembrokeshire by Mr. Hicks, 
t For the results of the recent researches by and named by Mr. Balter, are now placed in the 
Messrs. Hicks and Balter on the west coast of British Museum and the Museum of the School of 
Pembrokeshire, south of Bt Davids, see their Mines. They include some new genera and many 
memoirs “ On the Fossils of the Lingula-flags ” new species, the names of which will l>e intiTpo- 
in the Journal of the G-<>ological Society, vol. xx. luted by Mr. Etheridge in the General Table of 

E . 233, and vol. xxi p. 476. Mr. Balter divides the Organic Remains. 

mgula-flags, palaontologicaUy, into Upper, J Some palreontologists have separated this 
Middle, and Lower, the last being his ‘ Msenevian shell, under the name of ‘ Lingulella,’ with some 
formati w,’ while the other two are referred by him doubt, from the common Lingufie. Bee Davidson’s 
to the ‘Festiniog group ’ of Sedgwick (?oe. ci£, and ‘Monograph of British Bilurian Brachiopods,’ 
Brit Assoc. Report for 1865, p. 281 &c.). The 1866, p. 66. 
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apparent; it has only occurred in suoli small quantities as to afford a very 
thin testaceous covering to the few animals of this zone of early life. We 
shall presently see that when the Silurian fauna became abundant, as in 
the next overlying strata, it was accompanied by a corresponding develop- 
ment of lime, which served as the material for the construction of the 
shells of the imbedded MoUusks. 

In ascending through the different stages of the Silurian system, it will 
also be seen that different species of the genus Lingula occurred most fre- 
quently at those intervals in which there was a return to similar sedi- 
mentary conditions, i, e, whenever the muddy sea-bottom was only slightly 
impregnated with lime. 

With the Laurentian gneiss of Canada and other countries there are 
indeed those great thicknesses of crystalline limestone to which I have 
already referred. Upon the probable conditions under which the calcareous 
matter of these primeval rocks was deposited, partly through the medium 
of low animals like the Eozoon, and partly by chemical precipitation, I 
would refer the reader to Dr. Storry Hunt’s able memoirs on chemical geo- 
logy, in the ‘ Reports of the Geological Survey of Canada,’ the ‘ Canadian 
Naturalist and Geologist,’ the ^ Geol. Soc. Journal,’ and other works. 

Trilobites, or the earliest Crustaceans, abound infinitely more in the 
Silurian than in the next overlying system of rocks ; and the earliest which 
the labours of geologists have brought to light in Britain are Agnostus, 
Pai*adoxido8, Conocoryphe, Olonus, Dikelocephalus, and Microdiscus. 


Fossils (5). Linoula-plags, North Wales. 



1. Lingula (Lingulella) Davisii, M‘Coy. 4. Agnostus princeps, Salter ; 

2. Olenus micrurus, Salter. both of the natural shape and 

3. Cruziana semiplicata, Salter. distorted bv cleavage. 

Besides these fossils, a small Crustacean of the Phylloi)od tribe has been 
found — ^Hymenocaris vermicauda. A figure of this Crustacean is here given 
(Poss. 6. f. 1), from specimens in the collection of the Geological Survey. 
It is plentiful at DolgcUy and Tremadoc, in North Wales, associated with 
Lingulella Davisii. Tracks of Annelides also prevail, as in the rocks beneath 
and above the Lingula-flags ; sometimes they are of considerable size. 

In beds of the same age, near Bangor, have been also found two kinds 
of so-called Pucoids (p. 40), one of which is, perhaps, the Chondrites acu- 
tangulus of M‘Coy ; the other is a species of the curious genus Cruziana 
(d’Orbigny), Poss. 5. fig. 3. 
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With the lingulfiB (or LinguleUee), of which L. Davisii* is most abundant 
(L. lepis being rare), there are associated in the lowest courses of these 
flags several other fossils, of which Agnostus princeps is much the most 

Fossils ( 6 ). Lingula-flaos, North Wales. 


1. Hymenocaris vennicauda, 
Saltor. A Crustacean, pro- 
bably of the Phyllopod 
group. 



Restored outline, from several 
nearly perfect specimens from 
Dolgelly. 



frequent, a similar form (A. pisiformis) being characteristic of this same 
band in Bohemia and Scandinavia. To the eye of the field-geologist, this little 
Crustacean seems to bo scarcely distinguishable from the Agnostus of the 
overljring Llandeilo-flags (PI. III. fig. 8), in which deposit, as wiU presently 
be seen, there is a similar association of Lingula and Agnostus. L. Davisii 
and A. pisiformis are the common species in the Lingula-flags. The other 
fossils above quoted (Paradoxidcs and Olenus) are rare in Britain f. 

In the recently published volume (iii.) of the Memoirs of the Geological 
Survey, by Professor llamsay, Mr. Salter has described at some length, in 
the Appendix, the various fossils of the two stages of the Lingula-flags, and 
has stated that Agnostus princeps (the English equivalent of the A. pisiformis 
of Sweden) occurs in millions, with a new species of Olenus, in the lowest 
of these. He has also shown the exact place of the Paradoxidcs of which 
the locality was unknown when the last edition of ‘ Siluria’ was published. 
This fossil has been found both at DolgcUy and in Pembrokeshire, at about 
one hundred feet above the lowest black lingula-slates. The Hymenocaris 
has also been found abundantly. Now, as in these deposits the Orthis 
lentieularis of Dalman, a wide-spread Silurian fossil, is also found abim- 
dantly with Lingula and Agnostus, we see how difficult it is to separate 
these strata in general classification from the rest of the Silurian rocks. 

* This little Braehiopodous Shell has often been Boheme et de ScandinaTie,’ by M. Barrande, in 
80 much affected by the pressure to which the which that author shows the exact parallelism of 
schistose and cleaved rocKS abounding with it all the beds of the Silurian basin of Bohemia with 
have been subjected, that it has assumed the form those of Scandinavia, as indicated in the *He- 
of several dieting genera, such as Tellina, Modi- giones ’ (or Stages) of M. Angelin. By reference 
oloi and other Bivalve Shells. to the existing distribution of submarine animals, 

t See Angelin's * Paheontologia Bcandinavica,’ he satisfaotonly exjjlains why the species of Crus- 
Pars I. taceans and other animals, detected in Silurian 

Geol^sts who desire to consult a clear and tracts not distant from each other (the strata of 
comprehensive view of the equivalents of the which were simultaneously accumulated), often 
British eone of the Lingula-flags, as well as the ^ffer, though the generic types agree. This in- 
whole group of the Silurian rocas, as exposed in teresting topic, bearing on the ancient hydro- 
Bohenua and S^ndinavia, should read a memoir graphy of Europe, will be considered in a suo- 
tnlitled ‘ Farallule entre les DiipOts Siluriens de ceemng Chapter. 
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Small species of Olenus are also found in the lowest fossiliferous strata 
of another British tract. In the black schists on the western flanks of 
the Malvern Hills, strata which I had termed Lower Silurian, Professor 
Phillips detected three species of this genus, viz., 0. humilis, Foss. 7. f. 1 ; 
0. bisulcatus, f. 2 ; 0. scarabaeoides (0. spinulosus, Ph.), f. 3. To these 
my late friend Mr. Hugh Strickland made the interesting addition of the 
Agnostus pisiformis, Linn., Foss. 7. f. 4, a fossil known in the oldest Silu- 
rian schists, or alum- slates, of Sweden, and there also associated with 
Olenus. This old fossiliferous stratum rests, in Scandinavia, on a sand- 


Fossils (7). 


1. Olenus humilis, Phillips. 

2. O. bisulcatus, Phillips. 

3. O. scarabaeoides, Wahl. ? 

4. Agnostus pisiformis, Linn. 



Trilobit^s from the Black 
Schists of the Malverns. 


stone in which no other remains but Fucoids have been detected. In the 
equivalent underlying sandstone at Malvern (the HoUybush Sandstone and 
Conglomerate), Dr. HoU*, Dr. Grindrod, and others have discovered some ^ 
fossils, — Scolithus, Trachyderma antiquissimum (Salter), Serpulites fistula 
(HoU), Obolella Phillipsii (Holl), Lingula squamosa (Holl), Orthis lenti- 
cularis (?), Ctenodonta, Theca, and Lituites. The black Olenus-shales are 
overlain by light-coloured shales containing Dictyonemaf sociale (Salter), 
first detected in the Malvern area by the Eev. W. S. Symonds, of Pendock. 
These Dictyonema-shal3s occur also at Pedwardine, near Brampton-Bryan, 
in Herefordshire. 

M. Barrande again, in the ‘ Zone Primordiale ’ of Bohemia, on the same 
low horizon of life, found Agnostus, Paradoxides, Conocoryphe, and other 
Trilobites, several of which have only of late years been discovered in our 
islands. (See Chap. XV.) For a full understanding of this important 
branch of the subject, reference must be made to the admirable work of 
M. Barrande, * Le Bassin Silurien de Boheme.' This most remarkable and 
truly philosophical monograph is a monument of the talent and perseve- 
rance of the author, during a long residence in a foreign land, and exhibits 
a surprising combination of palaeontological knowledge with a faculty of 
accurately delineating the structure and arrangement of rocks. 

The researches of Mr. Salter amid these older rocks of Wales have en- 
abled him to distinguish the two zones of Lingula-flags, and to work out 
in situ their characteristic fossils. He finds that the upper portion of the 
lingula-flags (with which he parallels the Black Schists of Malvern above 
mentioned), besides containing Lingula Davisii and Agnostus, is charac- 

* Quart Joum. Q-eol. Soc. vol. ni. pp. 89, 101, fcween the FeneBtellid© and Graptolites. Its tex- 
&c. twTc is homy. Its distribution m North Woles is 

t A newly discovered generic form, exceedingly described in Mr. Salter’s Appendix to Professor 
interesting as showing a probable connexion Be- Ramsay’s ‘Geology of North Wales,’ p. 24tt 
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torized by other fossils, such as Conocoryphe invita (Foss. 8. fig. 1), C. 
depressa (fig. 2), Dictyonema sociale (fig. 3), together with a small Orthis 
and Olenus alatus. Beck, a Scandinavian species. 

These fossils occur at Penmorpha and Y-Wem near Tremadoc, and 
along the base of Moel-y-Gest; where a black slaty layer has been detected 
in this zone, with a surface covered by the Dictyonema above noted, 
indicating an undisturbed state of the former sea-bottom. Near Maentwrog 
and Ffestiniog the same layer has been traeed, overlying the lighter- 
coloured and more arenaceous mass of the Lingula-fiags ; and, both by its 
darker colour, and by exhibiting for the first time, in the series of strata, 
a Polyzoon and an Orthis, with the Agnostus pisiformis, this bed seems 
to be linked on to the lowest part of the Llandeilo Flags, into which it 

Fossils (8). Uppee Lingula-plags, North Wales. 



1 . Conocoryphe invita, Salter. 3. Dictyonema sociale, Salter ; a Polyzoon allied 

2. Conocoryphe depressa, Salter. to Fenestella, and the oldest yet known of the group. 

graduates conformably, through shfdy and schistose beds, charged with 
Lingulae, Trilobites, and other Silurian fossils. These schists and flagstones 
have been described on lithological grounds as ^ Tremadoc Slates ’ by Prof. 
Sedgwick; and subsequently Mr. Salter, obtaining from them a large 
series of organic remains, ranked them as two distinct formations, the 
Upper and Lower Tremadoc Slates. The distinction, however, of the latter 
from the Lingula-flags proper is difficult to be drawn ; and I still adhere 
to the classification put forth in the last edition of ‘ Siluria,’ and regard 
the Upper Tremadoc slates as passing into and forming the lower part of 
the Llandeilo formation, because that band is charged with the Trilobites 
Asaphus and Ogygia, so characteristic of those strata. 

The minaite subdivisions of the Lingula-flags and their associated slates, 
as worked out in North Wales, must be studied in the above-mentioned 
nfew volume of the Geological Survey (p. 244 &c.), in which the valuable 
researches of Messrs. Homfray and Ash, in elucidating the fossils of this 
^ Primordial Zone ’ of Barrande, as also the recent successful labours of 
Mr. Hicks* in Pembrokeshire, are duly noticed by Mr. Salter. 

In South Wales, the Cambrian or Longmynd (lower?) rock at St. David’s 

* See also Quart Joum. Geol. Boo. vol. xx. dial’ fossils found at St David's will be all enu- 
p. 233 ; vol. xii. p. 476 ; Beport Brit Assoo. for merated in the Table, Appendix A. 

1865, p. 281 &o.; mnd above, p. 42. The*priinor- 
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is also seen to be overlain (unconformably), on the north-west and south- 
east, by a zone of flags containing Lingula Davisii, which is well exposed 
in Whitcsand Bay (see Map), — followed on the north-wesfby black schists, 
flags, and slates, representing the mass of the Llandeilo series. Thus, 
whether we examine North or South Wales, we ascend gradually from the 
same bottom rocks as those of the original Salopian or Shropshire tract, 
through strata which afford the earliest well-defined remains of animal life. 

This great series of Lingula-flags, so well developed in Wales, is the 
zone which, in Bohemia, through the enlightened researches of M, Bar- 
rande, has proved to be the basis of all Silurian life, and which therefore 
received from him the name of “ Primordial.’’ It is indeed clear that the 
Fauna of this zone merits all the importance attached to it by its eminent 
founder, since we have now ascertained that, such as he has described 
it, the group exists in America, Scandinavia, Belgium, and Spain, as well 
as in the British Isles and Bohemia. 

Llandeilo Formation in Shropshire and adjacent part of Montgomeryshire, 
— Although this formation obtained its name from the town of Llandeilo 
in Carmarthenshire, where the greatest number of its characteristic Trilo- 
bites were collected, let us first describe it in the district of Shropshire, 
jsince there is no portion of the British Isles where a clearer exposition 
can be seen of the ascending order from strata containing the earliest 
signs of former life up into deposits teeming with organic remains. The 
subjacent strata which we have been considering do not, indeed, rise to the 
surface at or near Llandeilo ; and hence the description of the formation 
near that town is deferred. 

During my early researches in Shropshire, I observed certain fossils 
within a few hundred paces of the Stiper Stones ; but many more important 
organic remains have been since detected close up to that striking ridge. 
In addition to the clear stratigraphical order which is there exhibited, 
we now indeed possess fossils for the perfect elucidation of each band as 
we proceed upwards from the Stiper Stones to the other Silurian deposits 
(see the sections, pp. 2(5 & 38). 

The strata into which the siliceous grits of the Stiper Stones graduate 
upwards are slightly micaceous grey flagstones, usually weathering to a 
brownish colour, and alternating with more schistose and darker- coloured 
beds. On the whole they are of uniform texture, as seen in any of the 
deep combes which indent the western side of the ridge of the Stiper 
Stones ♦. Thus in the transverse opening in Lord’s Hill near the Snail- 
batch Lead-mine t, or in the deep hollows of the Crow’s Nest, Black Hole, 
Mytton Dingle, and Perkins’ Beech, the strata, being scarcely at all inter- 

* See Section at p. 24 ; and Map of the Geo- the ace and sequence of the deposits. The asso- 
logical Survey, Sheets 60 and 61. ciated igneous rocks, however, and the vaf>t inter- 

t The reader who desires to obtain information i>olated sheets of volcanic grit which begin to show 
respecting the lead-mines of this tract, which oc- themselves veiy low in the order of the stra^ 
our in these Lower Silurian rooks, must consult and i)articularly in this tract of Shropshire, will 
the ‘ Silurian System,’ pp. 277 et eeq. In this be described in the next Chapter, 
work my chief object is to present a clear idea of 
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fared with by igneous rocks, are observed to succeed each other with the 
utmost regularity, all having the same strike and dip as the Stiper Stones 
on which they rest. Of these transverse sections, that of Mytton Dingle 
is certainly the most expressive ; for, in addition to the great depth of this 
combe, its northern side presents a series of lofty-pinnacled rocks, the beds 
dipping symmetrically under each other to the W.N.W., through a thick- 
ness of not less than 3000 feet. 

The points nearest to the Stiper Stones at which fossils have been col- 
lected, along the western face of the ridge, are on the slopes of Lord’s Hill, 
near the adjacent Chapel, and at the heads of the combes called Mytton 
Dingle and Perkins’ Beech. They are still more abundant, and the species 
more varied, in the dark, almost black, earthy slates that overlie these 
flagstones and form the rising ground to the east of the Bog Mine. The 
same beds are richly fossiliferous a little further south at Bitton Castle, 
at the mining ground of Cefn-y-Gwynlle to the west of the southern 
termination of the Stiper Stones, called Heathmont, and at Disgwylfa 
near Snead. Similar fossils occur, and have been for some time known, 
in undulations of the same strata considerably to the west — as at the White 
Grit Mines. 

Regarding all these localities as belonging to one and the same zone, 
the organic remains exhibited in the following woodcut are its dominant 
forms. They all have a true Lower Silurian fades. 

Fossils (9). From the West Side or the Stiper Stones. 



1. Obolella plumbea, Salter. 2. Redon ia anglica, id. 3. Ribeiria complanata, id. 
4. Orthoceras Avelinii, id. 5. Theca simplex, id. 6. -®glina binodosa, id. 7. Tri- 
nucleus Murohisonii, id. 8. Didymograpsus geminus, Hisinger. 9. Encrinite stem 
(the oldest known). 10. Orthoceras enermale, Salter. 

In enumerating these fossils in the last edition, some valuable additions 
were made to the few forms previously described. Thus to the Illsenus 
jierovalis of the ‘ Silurian System ’ (PI. 23. f. 7), and the very charac- 
teristic species, Ogygia Selwynii (Foss. 10. f. 8), were added a new species 
of Trinucleus, T. Murchisonii (Foss. 9. f. 7), and the very remarkable 
./Eglina, called M. binodosa (f. 6), from its invariably presenting a double 
tubercle on its third body-segment. Among the moUusks, the com- 
monest species is an Obolella, apparently special to this metalliferous 


Chap. III.] 


LLANDEILO ROCKS IN SHROPSHIRE. 


49 


district, and hence termed 0. plumboa (f. 1). Besides this, there are 
the well-known fossils Orthis alata and 0. caUigramma (Sil. Syst.) ; and 
these are accompanied by Bodonia and Ribeiria (f. 2, 3); whilst the 
several species of Orthocerata, to one of which Mr. Salter assigned, at 
my request, the name of 0. Avelinii (f. 4), were no less important aug- 
mentations of our knowledge. Again, among those characteristic Silurian 
animals the Graptolites, besides some previously recognized species (Di- 
plograpsus pristis and Didymograpsus Murchisonii), we find both the diver- 
gent and reflexed varieties of the Didymograpsus geminus, a well-known 
Silurian species in Sweden and Norway. There is also a Penestella, a 
Polyzoon diifering essentially from the Dictyonema above mentioned 
(p. 46), and of an expanded cup-like form. There are also other fossils. 

Other species, with some of the above-mentioned forms, are found in 
the equivalent strata in those parts of Wales to which attention will be 
soon directed. 

On the western flank of the Stiper Stones, this the lowest part of the 
Llandeilo formation contains many interstratified bands of igneous ma- 
terials, being what were termed by me ‘ volcanic grit ’ when this tract was 
first described, but now more currently known under the term of ‘ ashes 
Several striking courses of such rocks are exhibited at Cefn y Gwynlle and 
various other spots f. These, with bosses of igneous rocks of intrusive 
character, the chief mass of which is seen in the Corndon Mountain, as re- 
presented in the annexed drawing, will be described when the succession of 

Lower Silurian tract west of the Stiper Stones (Shelve, &r.). The Cornoon 
Mountatn in the distance towards the North. 

(From Sil. Syst. p. 271.) 



Lower Silurian rocks, interstratified with contemporaneous ashes and lavas, and tra- 
versed by eruptive rocks. • 


organic life in the Llandeilo and Caradoc formations of various districts 
shall have been explained. Again, this district is eminently metalliferous, 

* Those are the “ OToen slates ” of some Gorman mineralogists. For the German synonyms of the 
igneous rooks of WaleB and the Silurian Region, see the Appendix (C.). 
t See Map of Geol. Survey, Sheet fiO. 
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containing many lead-mines which have been worked from the time of the 
Romans. Such mineral features require more illustration than can he given 
to them in the present volume ; and on this head, and for all local details 
respecting the igneous rocks, the reader is referred to the ‘ Silurian System.’ 

From these lower strata the observer ascends into a thick succession of flag- 
stones of dark -grey and light-blue colours, in parts calcareous, such as those 
which comi)ose the chief mass of the Llandeilo formation (Section, p. 24). 

These beds abound in Trilobitos — ^Asaphus tyrannus, Ogygia Buchii, 
and Trinucleus being the most frequent, — together with Lingulse, Grapto- 
lites, &c. These and other characteristic fossils will be figured in a wood- 
cut; they are also soon in Plates I., II., III., IV., V., taken from the 
^ Silurian System.’ 

The characteristic Trilobites also occur abundantly in flagstones around 
the town of Llandeilo, and in the adjacent parts of Carmarthenshire and 
Pembrokeshire, as well as at Builth in Radnorshire, and near Llanrhaiadr 
in Denbighshire ; but, as before said, th,e beds in which they there lie do 
not exhibit the relations to underlying rocks which are so clearly exposed 
in this district of Shropshire. 

Now all the strata which are exposed, from the shale or schist beneath 
the Stiper Stones inclusive to the western edge of this Shelve tract, or to 
the villages of Chirbury and Mcadowtown (Section, p. 38), and which, with 
the interstratified volcanic ashes, have been ascertained by the Surveyors 
to have a thickness of about 14,000 feet, were laid down as Lower Silurian 
in my earliest publications, from the year 1833 onwards. On the other 
hand, the fossils of North Wales, subsequently shown to be of the same 

age, had not then even been detected, much less described, although the 
strata of the tract we have been considering had been paralleled, by means 
of their principal organic remains, with the Llandeilo formation of Car- 
marthenshire. 

The Llandeilo Formation in Wales , — Having indicated the relations of 
these ‘ Black Trilobito Flags ’ to the subjacent rocks in the typical district 
of the Silurian Region, let us next consider them in those parts of Wales 
where the formation is laden with the same characteristic fossils and 
surmounted by other strata which are now ascertained to be the c<piiva- 
lents of the Caradoc Sandstone of Shropshire. In North Wales, strata 
similar to those which have been described on the west flank of the Stiper 
Stones (differing only by being in a slaty condition) exhibit a like passage 
from the Lingula-flags into the mass of the Lower Silurian rocks. There 
the latter, with many slaty ash-beds, occur beneath the great bands of the 
porphyritic rocks of Areaig and Ffestiniog, near Trcmadoc t, and at Llan- 
faolrhys, Carnarvonshire, at which places they contain the well-known 

t Termed ‘Tremadoc Slates’ by ProfesBor 

pp. ^ & »8, for Mr. Salter’B complete list of the Sedgwick in 1847. None of their fossils, however, 
fossils of the Llandeilo roekfl of Wales and Shrop- were described until the year IS.'il ; indeed the 

■ greater part were found by Mr. Salter in 1853, 
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Silurian fossils Orthis calligramma and Diplograpsus pristis, two or three 
species of lingula, and Ogygia Selwynii (the species characteristic of the 
beds on the west flank of the Stiper Stones), with other Trilobites, such as 
Asaphus affinis (M*Coy), a Trinudeus, and several new species, figured in 
the following woodcut (Foss. 10). 

Fossils (10). Fossils op Lower Llandeilo Eocks, North Wales. 


. tfDin 


KtlBi'. 




1 . Ogygia scutatrix, Salter. 2. Angelina Sedgwickii, id. 3. A. Scdgwickii, laterally 
compress^. 4. Calymene parvifrons, id. 5. Ilomalonotus bisulcatus, id. 6. jEglina 
grandis, id. 7. Trinudeus Gibbsii, id. 8. Ogygia Selwynii, id. 9. Agnostus princeps, 
Salter. 10. Agnostus, n. sp. ? 11. Lingulella Davisii, M'Coy, in a compressed form. 
12. Orthis calligramma, Dalm. 13. O. remota, Salter. 14. Theca vaginula, id. 15. Di- 
plograpsus pristis, Hisinger. 

Fossils (11). Characteristic Fossils op the Llandeilo Flags (Wales and SiiRorsiiiRE) 


Hi 






1. Asaphus tyrannus, March. 2. Ogygia Buchii, Brongn. 3. O. Portlockii, Salter. 
4. Stygina Murcbisoniae, Murch. 5. Agnostus Maccoyii, Salter. 6. Trinudeus fimbri- 
atus, Murch. 7. T. Lloydii, id. 8. T. concentricus, Eat., var. d. 9. Calymene brevica- 
pitata, Portl. 10. C. duplic<ata, Murch. 10*. Boyrichia complicata, Salter. 11. Grap- 
tolithus Beckii, Barr. 12 G. tenuis, Portl. 13. Didymograpsus Murehisonii, Beck. 
14. Diplograpsus? teretiusculus, His. 15. Orthis alata, Sow. 16. O. striatula, Emmons. 
17. Siphonotreta micula, M‘Coy. 18. Lingula attenuata. Sow, 19. L. granulata, Phill. 
20. L. Eamsayi, Salter. 21. Theca reversa, id. 22. Monticiilipora farulosa, Phill. 
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Some of these fossils, e,g. Angelina, together with Lingulella Davisii and 
L. lepis, were found by Mr. Salter in the lowest beds of the zone ; and 
these he thinks may be more accurately classed with the upper portions of 
the lingula-flags. Ogygia scutatrix, however, found in them, is of a genus 
as yet unknown in rocks lower than the Uandeilo Plags. 

The chief mass of the Llandeilo formation is not well seen around the 
bases of Snowdon and Cader Idris as surmounting the older strata or Lin- 
gula-flags. Stratified igneous rocks with slates are there so dominant 
throughout a vast thickness, that the type-fossils, such as Asaphus tyrannus 
and Ogygia Buchii, have not yet been detected, although some associated 
species of shells occur rarely. 

On the eastern flank, however, of the Berwyn Mountains, just as at 
Uandeilo in South Wales, the formation, though slaty, is characterized 
by its organic remains, and is seen (Section, p. 60) to pass under other and 
more arenaceous rocks which form the mass of the Caradoc formation, with 
which the limestone rocks of Bala in North Wales have been identified. 
The clear separation of the Uandeilo from the overlying formation of Bala, 
with which it was formerly associated, will be dwelt upon in the sequel. 
In the Shropshire district, where the fullest examples of the lowest Silurian 
deposits are exhibited, the reader will sec, by reference to the coloured 
Map, that the Uandeilo formation is subtended on the north, south, and 
west by younger Silurian deposits, with which the older rocks are abruptly 
collocated. To this break, as well as to other discordances of position, 
attention will be called in other Chapters, it being now desirable to 
conduct the reader to spots where he may clearly see that the flags con- 
taining Asaphus tyrannus, together with Graptolites and other fossils, and 
identical in their contents and character with the strata of the Shelve tract 
in Shropshire, are conformably overlain by masses usually more arena- 
ceous, which represent the great body of the Caradoc (or Shelly) Sandstone 
of the Silurian classification. 

In South Wales, the same ascending order that we have followed from 
the western flank of the Longmynd and in North Wales has been observed, 
and must be here noticed. 

In the environs of St. David’s, as before said, purple and green schists 
and hard grits, long ago identified with the rocks of the Longmynd, and 
containing traces of so-called Fucoids ♦, are overlain in Whitesand Bay by 
slaty flagstones (see Map), in which Lingulella Davisii occurs with many 
Trilobites (collected by Mr. H. Hicks f). It is in this tract that the connexion 
of the lowest formation of the Silurian System, or the Lingula-flags and 
Tremadoc slates, with the Lower Uandeilo is better seen perhaps than in 
any other part of Wales or England ; for here the bluff cli£&, as seen in a 
beautiful coloured sketch by Mr. C. R. Aston, exhibit a continuous and united 
succession of dark slates and schists, in which it is as impracticable to 

* Sil. Syet. p. 39. 


t See Fossils, Chap. IX. 
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separate the one from the other, lithologically or stratigraphically, as it is 
to separate the black Alum-slate of Sweden (to be afterwards described) 
from the overlying Silurian rocks of that country. It is in these cliflfe that 
the largest specimens of Paradoxides have been found by Messrs. Hicks 
and Salter. These, the lowest fossiliferous strata of the tract, graduate 
upwards into dark-coloured schists and slates, such as those observed on 
the west flank of the Stiper Stones, some of the best preserved Trilobites 
of the lower portion of the Llandeilo-flags having been obtained in this 
district. Among these are Ogygia peltata, very like 0. scutatrix (figured at 
p. 51), Trinucleus Gibbsii, and another species — together with Agnostus 
pisiformis, so abundant in North Wales. Again, there is the same passage 
upwards into black schists, with Trilobites and Graptolites, as at Abereiddy 
Bay, where the planes of slaty cleavage, as represented by the daik tint 
in the following woodcut, taken from the ‘ Silurian System,’ coincide with 
the layers or beds contaijiing the fossils. 

This Graptolite-schist is chiefly characterized by Didymograpsus Mur- 
chisonii, Beck (PI. I. f. 1), and Calymene duplicata (PI. III. f. 6). 

Lower Silurjan Rocks in Abereiddy Bay. 

(From Sil. Syst. p. 4(X).) 



Coincidence of Slaty Cleayage and Bedding. 


To the south of these localities all the Silurian rocks are much obscured, 
the surface being to a great extent occupied by Old Red Sandstone, Car- 
boniferous Limestone, aud Culm (see Map). 

In South Pembroke, the upper and chief portion of the Llandeilo de- 
posit is alone exposed in the clifis at Musclewick Bay, where it contains 
Asaphus tyrannus and Trinuclei. The black schists of this age are 
there insulated by a powerful dislocation, which, on their northern side, 
has placed them abruptly in contact with the Old Red Sandstone ; whilst 
towards Marloes Bay, or southwards, where younger Silurian rocks form 
the cliffs, the relations are obscured by a protrusion and overflow of 
igneous rocks, chiefly greenstone *, as in this diagram. 

# Llandeilo Schists in Musclewick Bay. 

(From Sil. Syst. pi. 35. f. 11.) 


0 h h * 

0 . Old Red Sandstone. b. Llandeilo Schists. * Eruptive Rocks. 

* See Map. This coast and the dislocations of the strata will be subsequently described. 
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In quitting this dislocated part of the west coast of Pembrokeshire, and 
advancing from Haverfordwest to the borders of Carmarthenshire, the ge- 
ologist perceives that the upper member of the Llandeilo formation puts on 
a much more calcareous structure. The schists and dark roofing-slates of 
the Precelly Hills graduate into calcareous flags, which at Llandewi Felfry 
and Lampeter Felfry become thick argillaceous subcrystalline dark-grey 
rocks, traversed by veins of white calc-spar, and constituting fine masses 
of limestone. These beds are largely worked for lime, and are, as far as 
I know, the only Lower Silurian rocks in Wales now used for such a pur- 
pose. The student will have learnt from the previous pages, that through- 
out all the masses underlying the Llandeilo formation there is little cal- 
careous matter, and an accompanying deficiency of shelly animal remains. 
In these Llandeilo rocks, however, the original conditions having under- 
gone a considerable change, many more fossils occur. The relations of the 
strata are here given. 

Section at Llandewi Felfry, Pembrokehiiire, 

S.S.E. N.N.W. 

b. Llandeilo schists; and h~ 

II limestones. 

Q 1 ,‘i b h c (*• Caradoc bods. 

Underlain by a considerable thickness of black schist (7>), and sur- 
mounted by other strata (c), which contain, as will presently be shown, a 
different group of organic remains belonging to the Caradoc formation, 
the massive limestones of this section are charged with Ogygia, Asa- 
phus, Calymcne, Trinucleus, Lingula attenuata, and L. granulata, above 
figured (p, 51), together with Leptmna sericea, Orthis striatula, and the well- 




ViEw FROM Dynevor Park, Llandeilo, looking to the Hills above 
Q-olden Grove. (From Sil. Syst. p. 347.) 

known Chain-coral, Halysitcs catenulatus — a fossil which also pervades 
all the supcijacent Silurian limes{ones of Caradoc, Wenlock, or Ludlow 
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age. When the limestone thins out, its position is in some parts marked 

lines of calcareous concretions, in other places by fossils only. At and 
near the town of Llandeilo, the chief member of the formation consists of 
calcareous flagstones, in part true limestones, which abound with the 
above-mentioned characteristic fossils. Extending northwards to Dan- 
gadock and southwards to Carmarthen, the Llandeilo flagstones rise in the 
form of a broken, elliptical mass from beneath overlying strata on both 
banks of the Towy, thus marking an extensive line of excavation in which 
that river flows. 

The preceding sketch conveys a general idea of the outline of the country, 
in which most of the Silurian rocks, from the Llandeilo in the foreground 
to the overlying formations, are exhibited. The calcareous flagstones are 
seen here on both banks of the river, and the overlying formations in the 
distance. The foreground is the undulating park of Lord Dynevor, and 
the chief mansion beyond the valley is Golden Grove, one of the seats of 
Earl Cawdor. The distant hills are composed of Old Red Sandstone and 
the lower members of the Carboniferous System. 

This succession will be bettor understood by inspecting the annexed 
diagram, taken from one of the large sections made by the Government 
Surveyors, which is quite in accordance with my oldest published sections 
across the same tract. 

Section near Llandeilo. From the Lower Silurun to the edge of the great 
South- VV^ELS ii Coal-field. 

(In this diagram tlie spectator is supposed to bo placed a little south of Llandeilo, 
looking north-east, or up the Vale of the Towy. Hence the points of the compass are 
reversed in reforeuce to the following diagram, p. 5(k) 



h. Llandeilo flags and limestone. Llandeilo sandstone, &c. d, e. Upper Silurian 
rocks. /. Old Red Sandstone, g. Carboniferous Limestone, h. Millstono-grit. 


Subsequently, however, the construction of a railroad from Llanelly by 
Llandeilo to Llandovery laid open masses of sandstone and schists beneath 
the calcareous flagstones. This section, as exhibited near Pont Ladies, on 
the left bank of the Towy, deserves notice. There the following beds dip 
to the E. by S. at an angle of 75°. 

1st. Dark schists with sandstone courses, which graduate upwards into thin 
schists with nodules. 2nd. Strong bands of hard siliceous light-coloured grits, 
alternating with thin courses of black shale or schist, which, predominating up- 
wards, contains some remains of Trilobites. 3rd. Calcareous grits and pebble- 
beds, with remains of Orthidie and Corals, followed by schists in which Asaphus 
tyrannus is conspicuous, the group being covered by hard siliceous grits, the 
masses of which are full of Annelide-traUs of concretions. 4th. Calcareous, 
dark-coloiured, finely laminated fU^g4t(;|fe| anfl schistSr-^ilar to those at Llan- 
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deilo and in Dynevor Park, and containing, together with Ausaphus tyrannus, 
the following : — Calymeno brevicapitata, Trinucleus Lloydii, Leptasna sericea, 
Orthis calligramma, &c. 

An arched arrangement of the strata is also traceable to Llangadock, 
where a dome of grits and sandstone, like those of Pont Ladies, emerges 
from beneath the superior strata, as represented in this diagram. 


Sbction neab Llanoadock. From tub Lower Silurian to the Old Red Sandstone. 


(The spectator is looking to the south-west.) 


S.B. N.W. 

Trichrug. Caim-goch t- Tanyrallt. 



P^ndulations of Llandeilo schists, dogs, and limestone, wifli interstratified trap*. 
6 . Llandeilo sandstones, &c. d, c. Upper Silurian. /. Old Red Sandstone. 


Of like age also are the grits and pebbly beds of Mount Pleasant and 
other places opposite Carmarthen, from which the fossils Orthis alata, 
Bellerophon perturbatus, Ctciiodonta? hevis, and Stygina Murchisonia) 
wore obtained during my early labours (1833-4 1). 

%hilBt such aro the chief teaturos of the Llandeilo rocks in Carmarthen- 
shire, it is essential to remark that certain sandy beds on the left bank of 
the Powy (6 ), ranging by Caini-goch, which were formerly considered to 
be Caradoc Sandstone (see Sil. Syst. p. 354), are now known by their im- 
bedded remains to belong to the Llandeilo formation. Along this frontier 
therefore, notwithstanding an apparent conformity (for the old sections 
published in the < Silurian System ’ scarcely differ from those of the Goyem- 
mont Surv(f ors), there is a great hiatus, as determined by the subsequent 
labours of Ramsay, Aveline, and Salter. There, on the left bank of the 
Towy, the true Caradoc group (e) is omitted, and the Upper SUurian rocks, 
with a feeble trace of a sandy rock containing Pentamerus oblongus, at 
once overlap the Llandeilo formation. This arrangement, by which 'tho 
Caradoc formation is excluded, extends all along the left bank of the Towy 
from the environs of Carmarthen, by Llandeilo, and is prolonged far to the 
north-east. 


On the other hand, a natural exhibition of the Caradoc roeks is seen on 
the opposite bank of the river, where an unbroken ascending scries is ex- 
hibited, in which both the Llandeilo and Caradoc formations are exposed 
m conformable apposition. To the north of Llandeilo, the calcareous Tri- 
lobite-flags, folding over to the N.N.W., are at once surmounted by a great 


’'hich the defender, have avaUed 
loo^fragment. of theTtoTe!*’ ““o 
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thickness of fossiliferous schists and sandstones with some calcareous courses, 
which clearly represent the original Caradoc Shelly Sandstones, to be de- 
scribed in the next Chapter f. 

The Llandeilo flags and schists of Pembrokeshire and Carmarthenshire, 
charged with the same characteristic Trilobites and other fossils, emerge 
everywhere from beneath overlying deposits, often of a more arenaceous 
type, which are of the age of the Caradoc formation. In Carmarthenshire 
the Llandeilo Flags are associated, as elsewhere, with igneous rocks, both 
stratified and eruptive, though not on the same scale or of that clear and 
demonstrative character which is exhibited in the tract of Shelve in Shrop- 
shire, and in the district between Builth and Llandegly. By reference to 
the M.ap, indeed, it will be seen that it is just where such igneous rocks 
abound, as marked by bright red colour (*), whether in Shropshire or in 
Wales, that the Llandeilo formation (2**) rises prominently to the surface, 
through the surrounding deposits. 

Thus, in proceeding from the Llandeilo tract to the north-east, we first 

Llanwhtyd Wells. 

S.E. (From Sil. Syst. p. 336. See also woodcut, SiL Syst. p. 343.) N.W. 



Lower Silurian slaty rocks. 

View in a combe below the Baths of Llanwrtyd. (From a drawijig by Mrs, Tral^me.) 
meet with decisive eruptive masses of porphyry and other rocks at and 
near the Wells of Llanwrtyd in Brecknockshire, and their black schists and 

t To the north and west of the Llandeilo dis- I believed it to be of older date than the Lower 
triot. and all along the western fnjntier of the Silurian. Hence I mapped it all as Cambrian. Tlie 
Builth country, the boundary-line of my first map first rectification of this erroneous view was made 
of the Silurian Region, which separated the Silu- in 1842, Inr Professor Ramsay, who observed that, 
rian roc^ from the so-called Cambrian of that instead of being succeeded by lower rocks to the 
day, was purely arbitrary. It is merely to be north and west, the Llandeilo Flags folded over in 
regarded as a demarcation between rooks on the those directions and passed under superior strata 
east and south, with which I was acquainted, and charged with fossils which Mr. Salter recognized 
a vast tXaiy region on the west and north — which I as well-known types of the Caradoo or Bala beds, 
had not examined, and with whose order and fossil Hence the whole of those districts of South Wales 
contents I was unacquainted, though in common came to be coloured as Lower Silurian by the Geo- 
with Sedgwick and other geologists of the day logical Surveyors. (See Map.) 



Mynydd Epyni. Brecon. Carmarthen Fan. 
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flags of this age, often highly altered, again 
prevail. With the loss of calcareous matter, 
however, the schists of Llanwrtyd no longer 
exhibit the characteristic Trilobites and 
Shells of the formation, though they contain 
some Graptolites. There the beds are so 
slaty and crystalline that the highly in- 
clined cleavage of the slates, as represented 
in the foreground of the preceding sketch, 
is the only feature visible to the unpractised 
eye, — the real strata undulating or dipping 
at a much less angle, as represented in the 
sloping bank on the left of the foreground of 
the drawing. 

When viewed, however, on the grand 
scale, there is no district more explanatory 
of the general succession than this very tract 
between Llandovery andBuilth,of which the 
vignette at p. 57 rc])resents a part. There, 
if the spectator stands on the summit of the 
mountain of Esgair Davydd (6), above the 
Baths of Llanwrtyd, he overlooks a wide area 
to the south-east, and has beneath his feet, 
and for a certain distance before him, a mass 
of the lower slaty rocks (rr) now under con- 
sideration ; whilst in the dull round hills of 
the middle ground are spread out the Upper 
Silurians of the Mynydd Epynt and Mynydd 
Bwlch-y-Groes, as in this diagram. In the 
background, the Old Eed Sandstone is seen 
occupying parts of the Mynydd Epynt, and 
thence rising into the Fans of Brecon and 
Carmarthen, the highest mountains in South 
Wales, — the latter 2860 feet above the sea. 

In the hilly district extending from Builth 
on the Wyc to Llandrindod and Llandegly 
(see Map), the Llandeilo formation again 
rises to the surface in the form of a rugged 
ellipsoidal mass, throughout which igneous 
rocks, both stratified and eruptive, prevail. 
In the sequel it will be shown how that 
tract, as well as the district of Shelve (both 
originally described in the ‘Silurian Sys- 
tem’), presents to the geologist physical 
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features and rocks similar to those of the grander mountains of North Wales. 
The environs of Builth and Llandrindod, indeed, afforded a very large 
portion of the fossils originally published as typical of the Dandeilo 
rocks *. 

Whether collected at Wellfield and other places near Builth, or in the 
flagstones north of the Cameddau Hills, Ogygia Buchii, Ampyx nudus, 
Agnostus Maccoyii, and Lingula attenuata are found in abundance, with 
beds full of Orthis calligramma and other characteristic shells. 

Near Builth, however, as in the west of Shropshire, there is no equiva- 
lent whatever of the Caradoc (or Bala) formation. This omission is ex- 
plained in these two sections, taken from the publications of the Survey, 
which represent the Upper Silurian, with an occasional thin course of 
Llandovery rock, reposing upon the edges of the Llandeilo formation. 

Unconfoumable Relations of Llandeilo Flags and Upper Silurian Rocks, 
NEAR Builth. 

(From Sections published by the Government Survey.) 

S.E. N.W. 

Gwaun Coste. Near Tyn-y-Coed. 



S.E. N.W. 

Mynydd Aberedw. Wellfield. near Builth. 



c h * b * b ^ 


h. Lhindeilo formation, d. Thin course of Upper Llandovery rocks, the Caradoc (c) 
being absent, c. Wenlock rocks. /. Ludlow rocks. (In the lower section tlie 
omission is still larger, there being no trace even of the Upper Llandovery rocks.) 
# Trap rocks. 

Again, when we travel westwards from the tyq)ical tract in Shropshire 
(see Map), where, as already shown, the Landcilo formation n’poses clearly 
on the Stiper Stones, we lose all traces of it until we reacli the eastern flank 
of the Berwyn Mountains, the intermediate country being occupied by 
yoimgcr deposits, from the Caradoc formation upwards, — thus clearly indi- 
cating that various parts of these regions have been subjected to powerful 
local oscillations, leaving here and there only the unbroken segments of the 
whole series of successive deposits, accompanied by the organic remains 
peculiar to each t . 


* So much importance was attached to thi* lo- 
cality of Builth, that in an early memoir (Proe. 
Geol. Soc. vol. ii. p. 2:i), I termed the deposit 
‘ Builth and Llandeilo Fla^is.’ 
t See Professor Ramsay’s Presidential Address 


to the Geological Society for 1R63, in whieh the 
number and importance of the great breaks in 
the succession oi the Silurian strata of Wales are 
prominently brought forward and clearly ei- 
jilaint'd. 
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On the other hand, the annexed diagram ♦ represents how the Llandeilo 


Llahdeilo and Cahadoc Eocks on the East Flank of the Berwyns. 

N.W. S.E. 

Craig-y-glyn. Llanrhaiadr. Tract watered by the Tanat. 



b b' c c 

(From a coloured Section, Sil. Syst. pi, 32. fig. 9.) 
b. Black slates. b\ Llandeilo limestones and schists, c. Caradoc sandstones. 


formation, consisting of black slates (h) below, and of overlying calcareous 
flagstones (h*, occasionally burnt for lime), occupies the eastern slopes of 
the Berwyn Mountains, as exposed in the gorge of the rapid river Twrch 
at and below Graig-y-Glyn, and above the small town of Llanrhaiadr. The 
masses more or less calcareous have a thickness of 400 or 500 feet, and are 
laden in their lower part with Asaphus tyrannus, Encrinites, and Corals, 
and in their higher portion with Trinucleus concentricus (T. Caractaci, Sil, 
Syst.), Acidaspis, Lepteena sericea, Orthis turgida, &c. 

All these sti^ata, perfectly identical by their fossils with those of the 
Llandeilo formation elsewhere, dip at an angle of about 25° to the S.E., 
and pass with perfect uniformity under that series of shelly sandstones 
which undulate over this picturesque northern portion of Montgomeryshire. 
The latter were identified during my early researches with the mass of the 
Caradoc Sandstones. 

This view has been confirmed, the Bala limestone and associated beds 
being now further known to bo identical with these overlying shelly sand- 
stones of the Vales of Meifod and the Tanat f. 

The distinctions of tliis overlying or Caradoc formation, both lithological 
and zoological, will be described in the next Chapter. It should here, how- 
ever, be stated that on the flanks of the Berwyn Mountains, as in the 
valleys of the Ffyrnwy and Tanat, the Lower Silurian rocks have been 
aflected by a transverse slaty cleavage, from which they are usually exempt 
in the typical tracts wherein the Silurian classification was established. 

In thus collating all the results of those explorations of Wales which 
commenced with the labours of Sedgwick and myself, and have been since 
extensively and accurately developed by the Government Geological Sur- 
veyors, we learn how local elevations have, here and there only, raised to 
the surface the strata which connect the broken succession of former life. 
When the Upper Silurian rocks shedl have been described, the omissions 
of certain deposits in some parts, and their attenuation in others, will be 
placed in tabular apposition to the complete series. 

Having spoken of the tracts where the Llandeilo* schists and flags are 

* This diagram is like the section in the * Silurian System," pi 32. f. 9. 
t Sil. Syst. p. 306 et 9€q, 
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clearly recognizable through their position tmd organic remains, it is not 
pretended that a line can everywhere be precisely drawn, upon a map, 
between them and the Caradoc formation; and thus on the accompanying 
Map the tint 2** is shaded off into the colour of 2®. In all such cases of 
junction and passage, the general term ‘ Lower Silurian ' can alone be with 
safety applied. 

Orajptolites , — In terminating this sketch of the Llandeilo formation, a few 
words may be offered on the fossils called Graptolites, already partially 
adverted to, and which, wherever they are found, clearly mark the rock 
to bo Silurian. They occur, indeed, in North and South America, Britain, 
Scandinavia, Germany, Russia, France, and Spain. Abounding in the 
lowest strata of the Llandeilo formation, which graduate downwards into 
the Lingula-flags, these Graptolites are specially abundant in the very tract 
of Shropshire (Stiper Stones to Shelve) on which such stress has been laid as 
affording the best illustration of a large mass of the inferior strata. They 
prevail, in fact, throughout the Silurian rocks wherever the nature of the 
sediment has been favourable to their existence, — that is, in schistose argil- 


Fossils (12). Lower Silurian Graptolites. 



1. Rastritest peregrinus, Barrando. 2. Graptolithus Sodgwickii, Portlock. 3. G. 
priodon, Bronn (G. Ludensis, Sil. Syst.). 4. Climacograptus scalaris, Linn. 4*’. Di- 
plograpsus folium, Ilisinger. 5. D. nodosus, Harkness (a doubtful species). 6. D. fo- 
lium, Hisinger (young specimen). 7. Dicranograptus ramosus, Hall. 8. Didymo- 
grapsus sextans, Hall. 9. D. Murchisonii, Beck. 

laceous strata, or the flnely levigated muddy bottoms of the primeval seas. 
They are supposed by many naturalists to have been Zoophytes nearly 
allied to the living Yirgularia, a creature known only in deep water. 
Others rather consider these extinct forms to belong to Sertularian Zoo- 
phytes, or even to PolyzoaJ. Be this as it may, the geologist has observed 
that they are found exclusively in the Silurian system of life. The whole 

t Bee Geinitis (Vepstein. Grauw. -Format.) who, much more complex in Btmotnre than any here 
for the sake of uniformity, CTOups all the Grap- figured. 

tolites with a single row oi teeth (Graptolithus, I Mr. Salter argues for this latter view of their 
Rastrites, &o.) under the name Ifonoyrapsus. amnitiesinthe Appendix to the ‘Geology of North 
Some forms have been ^scoverod in Canada Wales,’ Memoirs Geol. Survey, vol. iii. 1866. 
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group of these little serrated fossils has been called Graptolithina, and has 
been divided into several genera, as represented in the foregoing vroodcut. 

One of these genera, Graptolithus, Foss. 12. f. 2, 3, has teeth or cells on 
one side only. A second, the Diplograpsus, M‘Coy, f. 4*, 5, 6, is distin- 
guished by having a double series of lateral teeth. A third, Eastrites, 
Barrande, f. 1, has teeth placed like the first-mentioned, but not so crowded 
together. A fourtli, Didymograpsus, M‘Coy, has twin branches, f. 8, 9 : 
one of its species, D. Murchisonii, f. 9, is the most characteristic fossil in 
the Llandeilo Flags of Wales. Some of these forms, as published in the 
* Silurian System,^ are figured in PI. I. and PI. XII. The complex forms 
which have been more recently discovered constitute other genera, and 
will be described and figured in Appendix D. 

The Diplograpsi, or doubly serrated forms, are chiefly characteristic of 
the Lower Silurian rocks, D. pristis (D. foliaceus), PI. I. f. 2, and D. 
folium, Foss. 12, f. 4* and 6, being ordinary forms. The one-sided species 
extend from the Lower to the Upper Silurian. 

We now know that one of the. species of this group, G. priodon, Bronn 
(G. Ludensis, Sil. Syst.), ranges from the Llandeilo formation to the Ludlow 
rocks inclusive, having been named ‘ Ludensis ^ from its occurrence in the 
uppermost member of the Silurian series. In no Palasozoic rock younger 
than the Silurian is, I repeat, the true Graptolite known. Hence, as types, 
they are most important to the practical geologist, who, in exploring many 
strata of this age in Cumberland, the southern counties of Scotland, Ire- 
land, Central Germany, &c., meets with scarcely any other fossils t. In 
Sweden, indeed, Graptolitcs and Fucoids so abound as to have given a 
highly bituminous character to the lower strata, which, being also largely 
impregnated with iron-pyrites, have afforded so much alum as to have 
procured for them the name of Alum-slates J. 

IMiilst, however, the mere presence of a Graptolite will at once decide 
that the enclosing rock is Silurian §, it is only by finding the genera of these 
animals which disjfiay a double set of serraturcs, as in several of the above 
figures, that, in the absence of signs of the order of superposition, the field- 
observer may presume he is examining the lower division of the system. 

t Dr. Beck of Copenhagon described the few Professor Hall inclines to believe them to here - 
species of Graptolites in the * Sil. Syst/ M. Bar- latod to Sertnlarians, as also do Professors M*Coy, 
rande has since published a most elaborate and Dana, and others. See Appendix J). 
valuable treatise on the Graptolites of his Silurian I Bee an important memoir by the late Dr. G. 

Basin in Bohemia. Dr. Geinitz, in 1862, systema- Forchhammer, on the formation of the Alum- 
tized all the then known forms of Graptolites, in slates of Sweden through the agency of Seaweeds, 
a work (illustrated ^ clear and beautiful draw- in the Report Brit Assoc. 1844, p. 166 geq. 
ings) entitled ‘Die VersteineruMen der Grau- ^ It will be seen in the sequel, that these true 
wacken-Formation in Sachsen.' One of the most Silurian types occur in Norway and Sweden in 
important of the Memoirs on Gi^tolites is by strata of the same age as the Lingula-flags of 
Professor James Hall, in Decade II. of the Cana- Bntain or the bottom beds of the senes, 
dian Organic Remains, Geol. Surv. Canada, 1866. 
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CHAPTER IV. 

LOWER SILURIAN ROCKS {continued). 

THE CARADOC FORMATION. — SHELLY SANDSTONES OP CAER CARADOC. — GENERAL CHARACTER 
AND ORDER IN THE TYPICAL SILURIAN TRACT OP SHROPSHIRE. — CHIEF ORGANIC REMAINS 
AS DISTINGUISHED PROM JIIOSE OF THE LLANDKILO FORMATION. — GJIEAT MASSES OP THE 
SLATY ROCKS OP WALES, INCLUDING THE BALA LIMESTONE, SHOWN TO BE THE EQUIVA- 
LENTS OF THE CARADOC OF SHROPSHIRE. IGNEOUS ROCKS, COTEMPORANEOUS AND ERUP- 

TIVE, OP LOWER SILURIAN AGE. 

That certain sandstones and shales with occasional calcareous or shelly 
courses overlie the schistose rocks of the Llandeilo formation in Wales, has 
already been indicated *. But before we pursue their clear and consecutive 
relations, let us view those masses of the same ago in Shropshire, which, with 
their fossils, were originally described as a formation younger than the 
Llandeilo flags, and as underlying all the Upper Silurian rocks. For, 
this Caradoc formation and its characteristic fossils having been described 
and named many years before its equivalents in Wales were brought into 
comparison or their fossils examined, the account of the original type 
naturally precedes any description of strata subsequently ascertained to be 
of the same age. 

In Shropshire, the Caradoc Sandstone, so named from the ridge on the 
flanks of which it is well exposed, is cut otF, as formerly shown, from the 
next deposits below it, namely the Llandeilo flags, by the intervention of 
the Cambrian rocks of the Longmynd (sec Map). Whilst a perfectly sym- 
metrical ascending order occurs, as already stated, on the west flank of the 
Longmynd, from the Cambrian into the lowest of the Silurian rocks, and 
from them into the Llandeilo formation, in vain do we look on the eastern 
side of that mountain for any representative of the Stiper Stones and 
the great Llandeilo formation of the Shelve and Corndon tract (p. 38). 
The steep slopes of the Longmynd which overhang the valley of Church 
Stretton exhibit, as already shown (p. 26), the escarpment of the lowest 
beds of that enormous mass of ancient sedimentary rocks. (See Map.) 

Immediately to the east of that valley is seen the line of a powerful 
fault, the vertical dimensions of which have been estimated (by Professor 
RamsayX at not less than 2000 feet, the place of the intervening strata 
being taken by igneous rocks. The latter having been erupted at a period 
long after the formation of the original sediments, have altered the schists 
into hard clay-slates, and the sandstones into quartz-rock. These igneous 

* See also general section beneath Man. nntl loeul sections (pp. 65 & (50). 
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and altered rocks, indeed, oonstitute some of the highest points of the 
Caradoc Hills. The annexed view, taken from the eastern flank of the 



The Lawlcy. Cacr Caradoc. Hope Bowdlcr. Broccard’s Castle. Roglcath. 


Tub Caeadoc Range (sketched by Mrs. Stackhouse Acton). 

Longmynd, will convey to the reader a good idea of the outline of this 
eruptive ridge, which trends from the hill of Ragleath on the S.S.W., to 
the Lawley on the N.N.E., the intermediate hills being those of 
Hazier and Helmeth ; whilst the chief and loftiest mass, or that of Cacr 
Caradoc, gives its name to the whole range. No stronger proof *of the 
great break which here occurs can be given than that on Ihe western 
flanks of the eruptive ridge, or between the Caradoc formation and the 
Longmynd, a large mass of Upper Silurian (Wenlock) limestone has been 
thrown into a vertical and insulated position at Botvillc* ; it is thus 
wedged in between the Caradoc Sandstone and the Longmynd rocks — the 
base of the whole sedimentary series (see the following woodcut). 

Relations op Caradoc Sandstone to the Upper Silurian Rocks in Shropshire. 
N.W. B.E. 

Botville. Caer Caradoc. Wcnlock Edge. 


d* * c* c* * c d e f 

* Eruptive rocks, r*. Caradoc Sandstone altered by eruptive rocks, c. Caradoc 
Formation, surmounted by Llandovery Limestone, d. Wenlock rocks, e. Ludlow 
rocks. /. Old Red Sandstone, d^. Vertical Wenlock Limestone (Botville). 

Striking masses of the altered sandstone are exposed at Cardington, 
Hope Bowdler, and other places ; and this small general section explains 
the facts. 

But, notwithstanding all the disorder and change resulting both from a 

Sf<« Sil. Syst. p. 2.31, and pi. 31. f. 4. 
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great fault upon the W.N.W., and the protrusion of the igneous rocks of 
the ridge, the various overlying strata, which compose the great body of 
the Caradoc formation, are observed to succeed each other with perfect 
regularity. 

Proceeding from the eastern flank of the eruptive masses, and receding 
from the altered strata which adhere to the sides of the syOnitic green- 
stone, felstone, and other rocks* forming the nucleus of the ridge, the 
fullest and clearest exhibitions of the overlying ‘ Shelly Sandstones’ under 
review are to be seen in any transverse section which the explorer may 
examine as he proceeds towards the younger strata of the Wenlock Edge. 

The accompanying sketch, reduced from a coloured lithograph in the 
original work (Sil. Syst. p. 21 7), will explain better than pages of descrip- 
tion how these stratified deposits constitute the well-defined hills to the 
east of the igneous range. 


Caradoc. Lawley. W'reldn. Wenlock Edge ftc. 



In the foreground is the steep flank of the Cacr Caradoc (*), and beyond 
it to the left is the Lawley, or north-eastern end of the ridge: the 
Wrekin, another igneous outbreak through the Silurian strata, being on a 
different parallel, is seen in the central distance. The remainder of this 
view exhibits, even in the outline of the ground, a true indication of the 
succession of tlie various formations as first defined by myself in the years 
1832-3. 

The slopes marked 1, 1,1, constitute the chief masses of the Caradoc or 
Shelly Sandstone, exposed in a thickness of several thousand feet, and 
lying against the igneous and metamorphosed masses of the ridge (*). 
The thin zone to which the figure 2 is affixed is th(i band now termed 
Llandovery rock ; 3 stands for the Wenlock shale and limestone displayed 
in the Wenlock Edge ; whilst 4 represents a part of the distant overlying 
Ludlow rocks. The spectator has thus before him at one glance, an 
igneous and metamorphosed ridge, an important member of the Lower 

* The details of the mineral structure of the of hornstono, sveuite, and greenstone ; globular 
eruptive rocks of the Caradoc range are given in concretions with actinolite are not unvequent, 
the ‘ Silurian System.' The predominant rock is and coatings of quartz-rock or altered sandstone 
hard pinkish felspar or felstone, slightly pori»hy- are (»mmon (see Aikin, Geol. Trans, i. p. 210; 
ritio, from which there are passages into varieties and Sil. Syst. p. 22H). 

P 



66 


SILUEIA. 


[Chap. IV. 


Silurian, a thin intermediate zone representing the Llandovery rocks, to 
he described in the sequel, as well as all the Upper Silurian group. 
The flat country in the distance is composed of Carboniferous rocks and 
New Bed Sandstone. 

The real order and thickness of the strata exhibited in the sketch, 
however, is best understood by examining this detailed section. 


Eelations op the Caradoc Formation, Shropshire. 

N.W. S.E. 

Lawley. Hoar Edge. Chatwell. Gretton. Ape Dale. 



* a h c d d e f 

(From the large Section of the Government Survey, made by Mr. Aveline.) 

# Igneous rocks, a. Sandy shales, b. Hoar Edge grits, c. Shales, d^ d. Shelly 
sandstones, e. Cheney Longville flags. /. Trinucleus shales, h. Llandovery lime- 
stone. L Wenlock shale. 

The strata which compose the great mass of the formation to which 
the name ‘Caradoc Sandstone’ was assigned succeed each other in the 
following order. The lowest beds, which arc clearly exposed, dipping 
away from the intrusive rock (#), are sandy shales (a), with some courses 
of shelly sandstone, in part a bastard limestone, which rise to the sur- 
face in the hilly grounds of Acton BumeU, and are thence prolonged 
by Frodesley to Lawley, or the terminating hiU of the eruptive ridge. 
From that point to the valley (Ape Dale) under Wenlock Edge the suc- 
cession of the strata is clear. The lowest beds, or sandy shales (a), have 
been hollowed out into a valley. The next overlying strata, as seen in 
the sketch and section, consist of light-coloured, yellowish, siliceous sand- 
stones, in part coarse grits (h in the Sectign), which occupy the sharp 
ridge called the Hoar Edge, along which they are extensively quarried, 
and are seen to plunge at high angles to the south-east. 

Another valley succeeds, which has been excavated in softer and more 
shaly beds (c). These, resting upon the siliceous rocks of the Hoar 
Edge, dip under a second sandstone ridge {d), which extends by Chat- 
waU and Enchmarsh to Soudley, These last-mentioned sandstones {d) 
contain layers of fossil shells, which occasionally abound so much as to 
convert some of the beds into impure limestones. Their prevailing colour 
is a dirty dull or purplish red ; but they are occasionally variegated with 
brownish, yellowish, and greenish tints. In some quarries not far from 
Acton Scott they are striped in ribbon-fashion with dark-red and light- 
green layers ; and, being here and there also spotted, they thus resemble 
both the Old and New Red Sandstones of long-subsequent eras. Along 
the ridge of Enchmarsh, or at Soudley, they are extensively quarried 
for use, and are as easily worked as many freestones of the younger for- 
mations, reckoning from the Carboniferous sandstones upwards. They are 



Chap IV.] THE CARADOC FORMATION AND FOSSILSL 


67 


therefore very peculiar, as long ago remarked*, in being the oldest strata 
of Britain which present such a comparatively recent lithological ap- 
pearance^ — one entirely differing from anything to which the word 
‘grauwacke’ had ever been applied by geologists. And yet, notwith- 
standing their soft and sectile character, these Caradoc sandstones are 
laden with a profusion of fossils of the same species as occur in the 
hard, slaty, argillaceous rocks of large regions of Wales, with which they 
were truly identified in a few tracts at the period of the publication of 
the ^Silurian System ’f. In short, these sheUy sandstones, so near to 
the Wenlock Edge, and so clearly overlain by a full Upper Silurian 
series, form essentially a vast portion of the same great Lower Silurian 
division to which the preceding chapters have been devoted, and whose 
strata in a more crystalline and slaty state are spread over such large 
tracts of Wales. The manner in which this result has been fully worked 
out, amidst the difficulties of so complicated a region, is one of the 
greatest triumphs of my successors in that diversified Silurian field. 

A great thickness of these shelly sandstones is exposed in the sides 
of the steep lanes leading down from the ridge of Enchmarsh and Chat- 
well to Cardington, near to the last of which places their uppermost or 
fiag-hke finely laminated courses (e) have been laid open at Gretton. 
There a vast abundance of characteristic fossils have been obtained; 
nearly all of them being forms equally well known in the Bala rocks of 
North Wales. , These beds {e) were formerly designated ^ Cheney Longville 
fiags,’ from their being wcU exposed at the hamlet of that name on the 
right bank of the River Onny. * They graduate upwards into earthy 
beds or shales (/), which in this district are laden with the well- 
known Trilobite Trinucleus Caractaci (Sil. Syst.), but for which I after- 
wards adopted the name ‘ T. concentricus,’ previously given to it by 
Mr. Eaton of the United States. This beautiful fossil (figured in PL lY. 
and Foss. 46) is found from the base to the summit of the formation, 
and was named by me after the old British Ring and the adjacent 
ridge that still bears his name. Other sections across the strata enu- 
merated may be observed in other traverses of the same district. The 
clearest of them, as exposed upon the banks of the Onny, between 
Horderley on the north-west, and Wistanstow on the south-east, was 
given in detail in my earliest work. It is enough to recapitulate 
that the lower of the shelly sandstone masses to which we have been 
calling attention, exhibiting courses of calcareous grit ranging from Hor- 
derley to Corton, were described as containing Orthis flabellulum, 0. 
vespertilio, 0. unguis, Strophomena expansa, Crinoids, and Trilobites ; 
whilst the superior beds were said to abound in different Orthidee, parti- 
cularly Orthis Actoniee and 0. grandis, and Trinucleus Caractaci. The 

* Sil. Syst. pp. 216-222. with the Meifod rocks, identified by me with these 

t The sandstones &c. of Welsh Pool, and of the Caradoc Shelly Sandstones (Sil. Syst. pp. 302-307, 
valleys of the Tanat and Ffymwy, were, together and pi. 32. f. 9). 
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Soudley and Enclimarsh beds of freestone were shown to range to the 
Long Lane and other quarries of sandstones with calcareous courses. 

The upper bods, which at Cheney Longville pass up into sandy shale, 
were described as very fine-grained, slightly micaceous sandstoiie, of 
green and dingy olive-green colours, in beds one to six inches thick, and 
as enclosing here and there shelly calcareous courses, or impure lime- 
stones. Looking to the composition of these beds, and others lower in 
the series and nearer to the eruptive ridge, I inferred that some of them 
must have been deposited in a sea rendered turbid by volcanic action, so 
as to form strata which, if fossils were excluded, mineralogists would 
refer to the ‘ sandy clay-stone ^ of Jamieson. I then also stated that they 
constituted the last lithological term in that series of volcanic rocks of which 
a description will be given at the end of this Chapter. 

The remains of fossils often so abound as to render some of the courses 


limestones ; these have occasionally been burnt for use, and are known 
to the workmen of the neighbourhood as Jacob’s Stones.” When the 
calcareous matter is difiused in small particles through the mass, the 
rock becomes a hard calcareous grit, usually of a whitish drab colour, 
breaking under the hammer with a conchoidal and lustrous fracture. On 
the banks of the Onny, between Horderley and Wistanstow, there is also a 
band of impure limestone, formed, however, chiefly of quartzose pebbles 
cemented by lime. 

Some of the most characteristic fossils of the formation are given in this 
woodcut. 

Caradoc Fossils (13). 



1 . Calymcno Blumenbacliii. 2. Iloma- 
lonotuB bisulcatiiB, Salter. 3. Pliacops 
trimcato-caudatus, Port!. 4. Tentaculites 
anglicus, Salter. [5. Lingula crumena, 
Pliill.*^] 6. Orthis testudinaria, Dalm. 
7. O. vosportilio. 8. Strophomena te- 
nuistriata. 9. S. grandis. 10. Bellero- 
phon bilobatus. 11. B. nodosus, Salter. 
12. Orthonota nasuta, Conrad. 13, Ne- 
bulipora lens, M‘Coy. 14. Diplograpsus 
pristis, Hisinger. 15. Gtraptolitbus prio- 
don. 


In addition to the above, the following characteristic fossils are figured in Plates V. 
to VII. or in the woodcuts of the next chapter: — Orthis elegantula; O. flabellulum; 
O. Actoniro ; O. calligramma ; Strophomena expansa ; S. spiriferoides, M‘Coy ; Leptaena 
sericea ; Modiolopsis orbicularis ; M. modiolaris, Conrad ; M. obliqua ; Bellerophon 
acutiiB ; Ph^ops conophthalmus, Eichw. 

(The species with no author’s name attached were pjiblished in the ‘ Silurian System,’) 
The cuttings along the Hereford and Shrewsbury railroad laid open 

* The Lingula crumena, f. 6, has been placed in the above woodcut by mistake; it belongs to the 
overlying Llandovery rocks, into which the Caradoc passes upwards in South W'ales. 
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hillocks of this formatioii between Church Stretton and Marsh-Brook. 
These rocks consist of purple and red earthy sandstones, in parts micaceous, 
with partings of green earth, some courses of the shelly beds or ‘ Jacobis 
Stones,’ and brown calciferous grits. Near Church Stretton the rock is 
earthy and incoherent, and in it is Diplograpsus pristis, Foss. 12. f. 4, a 
common Lower Silurian Graptolite, which occurs in the Bala schists in 
many parts of Wales. This variety of the sandstone is concretionary, ex- 
foliates into balls on weathering, and is full of irregular joints, the surfaces 
of which are coated with a film of the indigo -coloured oxide of iron so 
common- in the Ludlow rocks. 

Others of the fossils which abound in the Caradoc beds are represented 
by woodcuts in the Chapter IX., and in Plates IV. to YII. of this work ; 
the latter are reprints of the figures published as original Caradoc typos 
from this district. Among them, the geologist who may have explored 
North Wales will perceive the fossils which occur in many parts of that 
region, including the casts of Brachiopods he may have collected near 
the summit of Snowdon. 


In the lists of fossils given in the memoir by Salter and Aveline on the Ca- 
radoc Sandstone (.Tourn. Geol. Soc. Lond. vol. x. p. G2), we find that Trinii- 
cleus concentricus ranges from the lowest to the highest beds. The Hoar Edge 
grits contain Phacops apiculatiis, Salter, Ilomalonotus mdis, id., Beyrichia com- 
plicata, id., Orthis ActonioB, 0. fiabellulum, 0. vespertilio, G. testudinaria, and 
O. calligramma, most of these being species described in the ^ Silurian System’ 
as typical of the Caradoc formation. With them, however, is associated the 
Calymene Blumenbachii, so common in the Upper Silurian division. 


Caradoc Trilobites (14). 

5 , 


Two Trilobites, highly characteristic of this zone, whether in Shrop- 
shire or in North and South Wales, wliich were omitted in the first edi- 
tion of this work, arc given in this 
woodcut. Trinuclcus seticornis, Hi- 
singer (f. 1, 2), is found wherever 
the Caradoc rocks take on a calca- 
reous or shaly character. Phacops 
apiculatus, Salter (f. 3), on the other 
hand, was a denizen of sandy sub- 
marine ground, and is plentiful in the sandstones of Shropshire and North 
Wales. 



The following fossils were found by Mr. Randall, on the ])ank8 of the Cownd 
Brook, in the Lower Caradoc beds as they range towards the W^rekiu : — Diplo- 
grapsus pristis ; D. foliaceus j Orthis calligramma j O. testudinaria ; Disema ; 
Lingula attenuata j Palaearca elongata; Orthonota nasuta j Ctenodonta varicosa; 
Theca triangularis j Euomphalus ; Orthoceras^ Beyrichia complicata ; Trinucleus 
concentricus. 

Ascending to the higher strata through courses of the freestone above noticed, 
in which some of the same Orthidae occur with other forms, we reach the thin- 
bedded ^ Cheney Longville flags ’ of my earlier sections. At one or two localities 
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where this zone appears at the surface, and chiefly at Gretton, the following 
copious list has been made out, nearly all the species being also known in the 
Welsh mountains around Bala, or on the summit of Snowdon &c. Those 
marked* are most abundant. 

Acidaspis Caractaci j Calymene Blumenbachii * ; Homalonotus bisiilcatus * ; 
Phacops truncato-caudatus * ; P. conophthalmus * ; Lichas laxatus; lUeenus; 
Tentaculites anglicus * ; Serpulites ; Comulites serpularius ; Discina oblongata 
(Portl.) ; Orthis vespertilio * ; 0. elegantula*; 0. Actoniss ; O. biforata; Stro- 
phomena * resembling S. grandis ; S. tenuistriata * ; S. bipartita * ; Leptaena 
sericea * ; L. transversalis * ; Modiolopsis orbicularis * ; Ctenodonta varicosa * ; 
Murchisonia simplex ; Cj^clonema crebristria ; Conularia Sowerbyi j Belle- 
rophon bilobatus * ; B. acutus * j an Orthoceras ; with a profusion of fragments 
of Encrinites, Polyzoa, and several Corals, of which the Stenopora fibrosa and 
Nebulipora favulosa (var. lens) are the most frequent. 

The uppermost band strictly belonging to this formation has been called the 
Trinucleus Shales. It is charged with the prevailing Trinuclens concentricus, 
and the Lower Silurian Brachiopod Leptssna sericea, together with Orthis ele- 
gantxila, Ctenodonta, &c. 

In working out the classification first propounded in the ‘ Silurian 
System,’ I also grouped with the Caradoc formation certain beds of pebbly 
grits and impure earthy limestone, which, overlying the great mass of the in- 
ferior Shelly Sandstone of Shropshire, are seen to pass under the Wenlock 
formation. Whilst in the first edition of this work I pointed out a dis- 
covery made since my early survey, in regard to the physical relation of these 
strata to the inferior rocks, I still held to the opinion that they ought rather 
to be grouped with the Lower than the Upper Silurian rocks, and hence I 
spoke of them as ‘ Upper Caradoc.’ A reexamination of tracts in South 
Wales, where these deposits are more fully developed than in Shropshire, 
led me to consider them as a formation intermediate between the two 
great groups of Lower and Upper Silurian, and as connected through their 
organic remains with both. They were therefore described in the last 
edition under the name of ‘ Llandovery Bocks ’ (see next Chapter). 

Caradoc (or Bala) Formation in Wales, — Adopting the belief prevalent 
among geologists when the Silurian classification was proposed, that the 
slaty and crystalline rocks of Wales were, as a whole, of older date than 
the softer mud-stone rocks on the east, the greater part of the former 
were referred, without proofs of infraposition, to an older class of deposits. 
That view was indeed abandoned very shortly after the publication of the 
‘ Silurian System,’ or twenty-five years ago, — i, e, as soon as it was ascer- 
tained that the fossils of Snowdon and Bala were identical with those of 
previously described Caradoc rocks. 

A careful comparison of the fossils of North and South Wales with those 
of the Caradoc Sandstones of Shropshire, and a reference to certain natural 
sections, have in fact enabled us to go still further, and to make a separa- 
tion between the Llandeilo and Bala foimations, which, for want of such 
detailed acquaintance, was not attempted even when the first edition of 
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this work was published. This distinction is of great interest to myself; 
for it brings out the value of the original classification of the Lower Silu- 
rian rocks, which indicated a great inferior schistose group charged with 
large Trilobites (Llandeilo), as followed by more arenaceous strata — 
Shelly Sandstones, or the mass of the Caxadoc formation. 

Looking at the general section under the Map, the reader will at once 
see how the beds of Llandeilo age are surmounted throughout North 
Wales by strata of the Caradoc age, and how the last are followed by 
other formations, of which hereafter. In truth, this identification of the 
Bala fossils with those of the Shelly Sandstones of Caer Caradoc has re- 
moved all difficulty in applying the Silurian succession to great masses in 
Wales, the rocks of which, being in a crystalline and slaty condition, are 
very unlike their unaltered equivalents in Shropshire. 

It has now transpired that the physical relations and palseontological 
distinctions between the Llandeilo fiags on the east fiank of the Berwyns 
(the most westerly point which I formerly examined) and the overlying 
fossiliferous strata of the tract watered by the Tanat and the Ffyrnwy, as 
given in the ‘ Silurian System,’ were perfectly correct. 

In the diagram before given (p. 60) we see how the Llandeilo fiags 
with the Trilobites, Asaphus tyrannus and others, as exposed in lofty 
crags (Craig-y-Glyn) overhanging the gorge of the River Twrch above 
Llanrhaiadr, dip under those shelly sandstones of the lower hills of the 
valleys of the Tanat and Ffyrnwy. The latter strata, though affected, 
like those on w^hich they rest, by a slaty cleavage, were described as again 
emerging from beneath Upper Silurian rocks in the environs of Welsh 
Pool, and were all, as before said, distinctly identified with the Shelly 
Sandstones of Caer Caradoc. This comparison was a subject of no diffi- 
culty to me ; for it was evident that the sandstones of Montgomeryshire, with 
their included courses of impure limestone, including Trinucleus Caractaci, 
Strophomeiia expansa, and numerous other fossils, were identical with the 
shelly sandstones of Caer Caradoc. 

In short, through other undulations (see Map and its Sections), those beds 
extend westwards until they constitute the slates of the summit of Snow- 
don, where the veiy^ same fossils occur as in the low hills of soft shelly 
sandstone in Shropshire, the district from which such forms were first 
described. 

It appears from the recent publication of the Geological Survey (Memoirs, 
vol. iii. p. 86) that the Bala beds of North Wales are by no means of such 
large vertical dimensions as the Caradoc Sandstones of Shropshire ; for, 
abstracting the porphyries, ashes, and other intercalated volcanic rocks, the 
limestones and sandstones of this age do not present a thickness of more 
than 1050 feet ; whilst those of Shropshire are about 4000 feet thick. 

In South Wales we have the same physical order and the same changes 
in organic life between the Llandeilo and Caradoc groups as are observed 
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elsewhere. In Carmarthenshire and Pembrokeshire the Llandeilo Flags, 
with their large Asaphi and OgygisB, are surmounted, as before stated, by 
sandy beds with impure limestone, containing the same species of fossils 
as those of the Shelly Sandstones of Caer Caradoc. 

Seeing that in Carmarthenshire there was no apparent unconformity towards 
the east and south between the Llandeilo Flags and the Upper Silurian rock 
under which they dipped, as exhibited in the Sections, pp. 55 & 56, 1 formerly in- 
ferred that the equivalent of the Caradoc Sandstone of Shropshire had locally 
thinned out to the south and south-east of Llandeilo, or was there represented 
by certain coarse sandy beds or grits only. Again, detecting scarcely any trace 
of organic remains to the west and north of the zone in which the Llandeilo 
flags were dominant, I drew a line of limit on my original map, and termed all 
the rocks ‘ Cambrian ’ which lay beyond the known fossil-bearing zone, stating 
that the separation of the Silurian from the then supposed Cambrian of South 
Wales had been eflected by assigning to the former those beds which contained, and 
to the latter those which did not contain, the characteristic fossils (Sil. Syst. 
p. 860). And yet such sections as were made towards the west and north-west 
indicated that the strata of Carmarthenshire, on the right bank of the Towy, 
folded over to the north and west, and constituted a mass of arenaceous and in- 
coherent slaty schists, which were spoken of as lithologically inseparable from 
the Lower Silurian rocks (Sil. Syst. p. 360). 

It is not my object in this volume to describe the mines which occur in the 
Silurian or other Palaeozoic systems ; but it may be noticed that the chief mines 
in Carmarthenshire, or the lead-ores at Nant-y-Moen, north of Llandovery, the 
property of Earl Cawdor, occur in these quartzose rocks, which alternate with 
slaty schist. They are now ascertained to be in part the equivalents of the 
Caradoc Sandstone of Shropshire, and in part of the Llandovery rocks to be de- 
scribed in the ensuing Chapt(ir. In Caradoc qufirtzites also are situated the old 
Roman gold mines of Gogofau, in the parish of Llanpiimpsant, ten miles west of 
Llandovery *. In describing these rocks of slaty quartzose grit and sandstone, I 
accurately Assigned to them a dip to the north-west f ; and that fact alone 
ought to have led me to class them as Silurian, since they appeared to overlie 
the Llandeilo flags. But the slaty condition of the rocks, and the absence of 
fossils, induced me to refer them to a system unknown to me. A great fault was, 
indeed, supposed to intervene, to account for this apparent inversion. These rocks 
were further noticed as containing coarse grits, sandstones, and conglomerates — 
the latter often appearing as huge lenticular masses. 


The only organic remains detected during my partial survey of such 
strata were a few fragments of Crinoids and Shells, and the Anneli de- 
markings or tracks of marine Worms found near Llamp^+^p^ 

Nereites and MyrianitesJ. These fossils are na^-'^oiown to be common 
to saurian rocks in Scotland, Germany, ajv^ p^rts of. the world. 

In their laborious and accurate.^^'^gjjgg^ tjje Government Surveyors 
estabUshed clear proof that, ‘ Tt)ank of the Towy a great 

Surrey, voL 1. p. 480. rfooransuB They may even be due to the 

{ 8« 8 w X. of thi« .upfrtoial burromn^s of Crustaoeo. 



S. by E. Eelations of the Llandeilo and Caradoc Eocks (South Wales)*. N. by W. 

Towy River. Dynevor Park, Nant-y-Ehibo Cwm-y-gerwn. Mynydd 

Llandeilo. Brook. banc-y-ffkir. 
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portion of the Caradoc formation is omitted, the 
hilly tracts to the north and west, Le, on the 
right bank of the stream, which had been called 
Cambrian, aiforded clear indications of a gradual 
and conformable upward passage from the Llan- 
deilo Mags into schistose beds. These, becoming 
more arenaceous and siliceous as they rise into 
higher hills, contain some calcareous courses, the 
fossils of which are all identical with those of 
the Caradoc and the Bala rocks. 

This section (published on a much larger scale 
by the Survey) was made, in the year 1842, by 
Professor Earasay. The fossils he then collected 
and sent to London were examined and deter- 
mined by Mr. Salter. 

The great mass of the strata above the Llandeilo 
Mags, as seen in ascending the Nant-y-Ehibo Brook 
to Cwm-y-gerwn, consists of dark sandy shale with 
some calcareous matter, containing the following fos- 
sils, all of which are of true Caradoc age : namely. 
Trinucleus seticomis, His. ; Staurocephalus Murchi- 
soni, Barr. ; Orthis insularis, Eichw. ; 0. Actonice, Sil. 
Syst. ; 0. vespertilio, id. ; 0. calligramma., Dalm. and 
Sil. Syst. ; Leptoena transversalis, Dalm. ] L. quinque- 
costata, M‘Coy; L. tenuicincta, id.; Cyclonema cre- 
bristria, id. ; and the Chain-coral. Proceeding to still 
higher ground, extending to Mynydd banc-y-ffair, wc 
meet with other forms ; for, while there are still a few 
Caradoc fossils, such as Orthis crispa, M^Coy, and the 
remarkable Trilobite Encrinurus multisegmentatiis, 
Portlock, these are associated with the Atrypa reti- 
cidaris, a shell which uniformly characterizes the 
higher zone to be presently described under the name 
of Llandovery Bocks. Aga i n , the highest beds visible 
in this line of section indicate still more clearly a 
passage into the Llando^t^y rocks. Thus in them 
we detect the Atrypa crassa, Leptoena transversalis, 
a Khynchonella closely resonihling B. navicula, and 
a large Heliolites, all unknown in the inferior or true 
Caradoc strata, one of the fossils of which, however 
(Orthis insularis), still remains, as if to demonstrate 
a gradual zoological transition. 

On the left bank of the Towy, in the wooded grounds 
of Llandovery, we again find the Llandeilo beds regu- 
larly surmounted by slaty and arenaceous beds, which, 

* It was thi» section (a« before stated) which led Sir H. De la 
Beche and Professor Ramsay to abrwate the hypothetical line for- 
merly drawn between the Icnown Siairian country and the tracts 
unex'aniined and unknown by me. 
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underlying the conglomerates at the base of the Llandovery series, are full of 
characteristic Caradoc fossils. Thus, in Cilgwyn Park, under the conglomerate 
terrace of Gian Towy, the beds, which are quarried in the demesne, consist of 
dark-grey, earthy slates, and contain the following characteristic fossils, — iden- 
tical with those forms which are met with everywhere upon the banks of the 
Onny, or at Bala : — 

Trinucleus seticomis ; Asaphus Powisii ; IlleBnus Bowmanni, with species of 
Calymene and Oybele; Orthis spiriferoides, M^Coy; O. biforatus; 0. insularis; 
Ctenodonta; a Piscina ? (Patella Satumi of Portlock), a species known at 
Cheney Longville, and in the Cai'adoc schists of Tyrone, Ireland ; Bellerophon 
biloba^s ; B. nodosus ; Theca triangularis, Portl. ; SphsBronites balthicus ; and a 
fine species of Pleurocystites, with some of the ordinary Corals. 

The same Caradoc beds also range round under Blaen-y-cwm, South of Llan- 
dovery. They there contain similar fossils, with the addition of Lichas laxatus, 
M^Coy, Orthis porcata, id., and Orthoceras ibex, Sil. Syst., now known to range 
from the Caradoc to the uppermost Ludlow rocks. Further north, between 
Rhayader and Builth, the Caradoc strata everywhere appear beneath the Llan- 
dovery rocks; and at Troed-y-Rhiw the same fossils are obtained, including 
a peculiar Crinoid, the Pleurocystites, together with the Bellerophons and the 
Orthoceras vagans so common at Bala. 

Thus wc have in that tract an unbroken ascending series from the 
Llandeilo Flags through the Caradoc into those beds with Pentameri which 
I formerly grouped with the latter formation, and which are, indeed, 
essentially connected with it. 

In Pembrokeshire also, at Llampeter Felfry and Llandewi Felfry, the 
Llandeilo Flags, constituting the thickest limestones known in the Silurian 
rocks of Wales, occur, as already stated, in low undulations, dipping under 
strata which also stand in the place of the Caradoc. (See diagram, p. 54.) 

A thin and impure calcareous course, exposed at Sholcshook, near 
Haverfordwest, and which was formerly classed with the Llandeilo 
Flags*, is also clearly separated from that deposit, both by superposi- 
tion and characteristic organic remains. Besides Brachiopods, Trilo- 
bites, and numerous Corals common in the beds at Bala, there are also 
found in it Encrinitc-like forms with slender stems and grape-shaped 
heads, the Sphaeronites of old authors (Cystideao of Yon Buch). Some of 
these will be figured and described in another chapter, — Echinosphaerites 
aurantium and E. balthicus, both common Russian and Scandinavian species, 
being among the number. 

In the vast tracts of Carmarthen, Cardigan, Radnor, and Montgomery, 
to the west of the original Silurian region, w^hich have been examined by 
the Geologists of the Survey, and illustrated in their large coloured sections, 
it is known that few or no rocks older than the Caradoc (or Bala) forma- 
tion, or younger than the Lower Llandovery rocks of the next chapter, 
ever appear — even up to the sea-clifife extending from Cardigan to Aberyst- 
with and Machynlleth (see colour 2® of Map); so much do the same 
bands of sandstone and schists (usually affected by a transverse cleavage) 

♦ Sil. Syrt. p. 387. 
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undulate in gentle curves. There are, indeed, proofs, in several tracts, 
that these rocks, as in the district north of Uandeilo, graduate upwards 
into the Pentamerus zone of Llandovery, the inferior and larger portion of 
which belongs essentially to the Lower Silurian division. 

When the earliest edition of this work was published (1854), it was still 
the belief of geologists that the Uandeilo and the Bala formations were 
one and the same ; and, although the inferences which have since been 
arrived at rest greatly upon the true order of superposition as worked out 
by Ramsay and Aveline, we are also greatly indebted to the palecontologist 
(Mr. Salter) who has cooperated in establishing the true sequence. On my 
own part, I simply claim the credit of having originally placed the Uan- 
deilo formation beneath all the deposits of the age of the shelly sandstones 
of Caer Caradoc, with which the Bala beds were long after identified. This 
order was also first pointed out by me in parts of Montgomeryshire and 
Denbighshire ; and it is now applied to the whole of Wales*. 

Throughout large portions of North Wales there are, indeed, other 
evidences of the age of the rocks in question, besides those already adduced 
on the east flank of the Berwyns. At and near Bala, for example, the 
sandstones, slates, and limestones arc the absolute equivalents of the 
Caradoc shelly sandstones ii^Shropshirc. The chief limestone of this 
group, exposed in low hills near the town and lake of Bala, is so impure 
that it is now never used for burning, and, dwindling away to the S.S.W., 
is lost among the slaty strata. Another calcareous course, near Himant, 
is simply one of the shelly sandstones of Shropshire. Thus, with the ex- 
ception of having been affected by a slaty cleavage unknown in the English 
types of these rocks, the North- Welsh strata are, even lithologically, to a 
great extent similar to the Caradoc formation of Shropshire. 

The fossils of the Bala beds are, indeed, as already said, identical with 
those of the flanks of Caer Caradoc, there being scarcely a species found 
in Wales which docs not occur in Shropshire. 

Sufficient proofs having been now offered of the superposition of the 
Caradoc to the Uandeilo rocks, and the fossil characters of the two forma- 
tions having been generally indicated, we might at once proceed to con- 
sider the distinctions of the next overlying beds, all of which I once 
grouped wuth the Lower Silurian rocks. But, ha^diig for some time re- 
garded those strata as an intermediate deposit, the larger and inferior por- 
tion of which is naturally connected with the Lower, and the higher mem- 
bers with the Upper Silurian, a separate chapter is devoted to them. In 
the meantime, however, a few pages must be occupied by a sketch of 
the igneous or volcanic masses which especially abouiid in the Lower 
Silurian formations. 

* In the first edition of this work I endeavoured, and descriptions given in the * Silurian System,* 
in spite of my old convictions, to acc-ommodate which are. clew and demonstrative, as before 
my views to those of my successors, who had re- stated, in identif3nng the great imd iilA.fi ng masses 
rarded ‘ Uandeilo ’ and ‘ Bula ’ as synonyms, and of strata in the Welsh region waterea by the 
^erefore smppressed my old section irom the Tanat and Pfyrnwy rivers, as well as the Welsh 
flank of the Berw3m8 to Welsh Pool. But in the Pool ridge, with the shelly sandstones of Caer 
second edition I reverted to the original details Caradoc. 
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Igneovts rocks associated with the Lower Silurian , — To make the reader 
acquainted with the complete aspect and nature of the British Lower Si- 
lurian rocks, it is essential to explain how volcanic action affected the 
"bottom of the sea in certain districts during the deposition of those sedi- 
mentary strata, and how those strata (particularly of the Llandeilo forma- 
tion) were also penetrated by powerful eruptions. 

In the vicinity of some igneous rocks, the schists and calcareous flag- 
stones have also been filled with mineral veins, and have undergone various 
changes*. Thus one of the tracts in the original Silurian region where 
the Llandeilo formation is most productive in lead-ore is the rugged, hilly, 
district of Shropshire which lies around the village of Shelve and the 
Comdon Mountain, and extends westward from the Stiper Stones (see 
Section, p. 26, and Map). 

The student of natural phenomena is again specially invited to examine 
this tract, the ordinary strata of which, and their organic remains, 
have before been described, because it exhibits aU the cotemporanoous 
formations in !N^orth Wales, in hills which are much more accessible than 
the steep flanks of the slaty, subcrystalline mountains of Snowdon and 
Cader Idris. 

This typical Lower Silurian district was long ago shown by me to con- 
tain two classes of submarine igneous rocks, — the one bedded and regu- 
larly interlaced with the strata, and therefore formed at the same time 
with them, the other unstratified and posterior. Each of these is divided 
into several varieties, for a full acquaintance with which the reader must 
consult the original descriptions f, 

.Of the interstratified felspathic ashes (‘volcanic grit^ of the ‘Silurian 
System’), there are very numerous examples between the west flank of the 
Stiper Stones, where they first appear in the ascending order, and the pic- 
turesque defile of Marrington Dingle near Cliirbury on the west, or, in 
other words, through a space of four to five miles in breadth, and eight to 
nine miles in length (see Sil. Syst. p. 268). 

At the Bog Mine, on the western slope of the Stiper Stones, and therefore in 
the lowest member of the Llandeilo formation, the mineral veins and adits tra- 
verse a vast number of the thin-bedded felspathic grits or ashes, interstratified 
with the schists and flags charged with Trilobites and Graptolites. Not less 
than seventeen courses of these igneous rocks are marked in the Govern- 
ment Geological Map of this district (Sheet 60) as occiiiTing in the space of 
little more than a mile, between the Bog Mine and the environs of Ilyssington I 
Some of these courses are traceable for four miles on their line of bedding. 
They crop out in parallel rocky ridges, whilst the associated schists and shales 
have been worn into alternating furrows or depressions. The broadest of these 
hard felspathic bands, as seen upon the surface, ranges from near Symmonds 
Castle on the S.S.W. by the Hound tain Hill to Stapeley, beyond which, or be- 
tween Shelve and Rorington, it is divided into five or six of the thinner courses 

* BesidoB ores of lead and copper, it will bp also t See Sil. Syst. pp. 269, 324, and^a«mii ; and 
shown, in a Hc])arat<* chanter, tnat rocks of this for observations on these and other i^eous rocks 
afre were rendered partially auriferous in Wales, by Mr. D. Forbes, see Appendix (H). See also 
and largely so in other countries. p. 49. 
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interlaminated with the Llandeilo Mags. Among the higher members of these 
stratified tuflfe, which were manifestly accumulated imder former seas, some of 
the finest examples are to be seen in the picturesque defile of Harrington Dingle. 
There the lowest strata, exposed in numerous quarries, are felspar rocks of a con- 
cretionary structure, which are surmounted by coarse mottled volcanic grits. 
The latter consist of a base of lightish and greenish-grey granular felspar, mixed 
with sand and chlorite, and contain angular fragments of schists and porphyritic 
greenstones, the whole being arranged in beds from two to four feet thick, and 
dipping at an angle of about 40°, as expressed in this vignette. 



One ok the Wiiittkhy Quaekies in Markington Dingle. (From Sil. Syst. p. 270.) 

In many other parts of this district, we meet with felspathic agglomerates 
and ash-beds, or volcanic grits, as well as slaty porphyries with crystals of fel- 
spar. Some of these alternate, as before said, in ridges with the schist contain- 
taining Trilobites ; others constitute courses of a few inches thick only, and oc- 
casionally include fragments of ( >g}’^gia Buchii. Organic remains are also found 
in beds composed almost exclusively of volcanic materials, thus showing that 
volcanic action was rife at the sea-bottom in which these Lower Silurian stiuta 
were accumulated. 



Volcanic Breccia or Ash, h, alfernaiing with bods of Scliisi, (t, and enveloping other 
fmgments of schist and slate, c. 

(From Sil. Syst. p. 271.) 


Another diagram, taken from the coloured sections on the margin of my 
old map of the Silurian region, explains theoretically the manner in which, 
by the action of submarine volcanos, such igneous dejections are supposed 
to have accumulated. The igneous or volcanic materials are represented 
by the light- coloured layers, which, issuing from beneath a, a, alternate 
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■with the ordmary dark-coloured muddy sediment. The diagram further 
shows how a volcanic cone similar to that of Graham Island (He Julia of 



a d 


Ideal Eepiiesentation op the manner in which Submarine Volcanic De.tections 

WERE probably FORMED DURING THE EaRLY SiLURIAN PeRIOD. 

(From bottom of Map, Sil. Syst.) 

the French) in the Mediterranean, and indicated by the dotted lines, may, 
after rising into the atmosphere, have disappeared ; its scorite and ashes 
having mixed with the ordinary marine mud or sand. 

One of the larger masses of eruptive rock, which penetrated the sedi- 
mentary and associated volcanic deposits at a subsequent period, is seen in 
the Corndon Mountain, as expressed in the sketch at p. 49, the undulating 
ground around it being composed of strata of the Llandeilo formation and 
beds of felspathic ashes. 

Equally instructive examples of the alternations of bedded igneous matter 
with Lower Silurian strata, and also of posterior eruptions, are seen in the 
rocky tract of Radnorshire, extending from Llandegley and Llandrindod by 
the hills of GoUi, Gilwem, and Carneddau, to Builth. This example of 
felspar-porphyries, which are there regularly stratified, is taken from one 
of my earliest illustrations. 

Alternations or Llandfilo Flags and Schists with Volcanic Grits, exposed in 
A ravine on the north-west face op Gelli Hill. 

(From Sil. Syst. p. 325.) 



a 


a. Coarse sl&ty felspar rock, both porphyritic and amygdaloidal, containing elongated 
concretions of • greenearth. This rock is regularly stratified in beds three to four 
feet thick, and forms the mass of the hill, rising into the higher ground, h. Finely 
laminated greenish-grey sandy flagstone, apparently hardened near the top. c. Fine- 
grained granular felstone and courses of clay-stone, some of which are used as oven- 
stone. a. Altered flags, having a conchoidal fracture, in parts almost lydian-stone, 
with crys^s of iron-pyrites, e. Grey felspar rock, the laminae of deposit marked 
W ferruginous streaks, probably due to the decomposition of some other mineral. 
f. Black shivery shale, containing a few concretions of argillaceous limestone, with 
veins of ^Icareous spar. One of these, which fell under my notice, was a septarium, 
two or three feet in diameter, containing many impressions of Chraptolites. This 
band of black shale was foolishly excavat^ to some distance in search of coal (!) on 
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the strike of the beds, by the same indiyiduals who soiight for lead-ore. g. Hard, 
thick-bedded, porphyritio felstone. h. Flagstone, with Ogygia Btichii, and much iron- 
]»yrites indurated by contact with the igneous rock. Grey porphyritio clay-stone. 
j, Black schist, with some hard stone bands, in parts pyritous. k. Slaty porphyritio 
felstone. 1. Black shale, with stone bands and concretions of argillaceous limestone. 
m. Thin hand of decomposed mnular felstone, weathering to a rusty colour, and 
looking like a coarse sandy oolite, n. Black pyritous schists, much contorted near 
the mouth of the gallery. 

Thus, in a thickness of only 350 feet across the beds, this detailed sec- 
tion of the order exhibited in one of the original typical Silurian tracts, 
displays felstones and porphyritic rocks, occasionally both crystalline and 
amygdaloidal, with clay-stone, granular felspar, (kc. These materials 
alternate, six or seven times, with finely laminated flagstones and black 
schists, containing Graptolites and Ogygia Buchii (PI. III. f. 1). In 
truth, therefore, this little section exhibits an epitome of the structure of 
vast tracts in North Wales. 

The intrusive rocks which have broken through and diversified these 
tracts of Shropshire, Montgomeryshire, and Eadnorshire, now under con- 
sideration, whether large masses or mere dykes that traverse the contiguous 
strata, were most of them laid down in my inap of the Silurian region, and 
have since been more accurately defined by the Government Surveyors (see 
Sheets 60 & 61). They are chiefly coarse-grained greenstones and fel- 
stones, some of the former passing into basalt. In many cases the shale 
or schist in contact with the eruptive rock has been converted into 
porcellanite, with surfaces smoother than the finest lithographic stone. 
These altered shales are, in fact, the ‘ Brand-Erde,’ or bumt-earth, of the 
Germans ♦ (Sil, Syst. p. 275). 

The Breidden Hiils, including the picturesque Moel-y-Golfa, on the right 
bank of the Severn, near Welsh Pool, also exhibit similar illustrations, 
both of cotemporaneously bedded ashes and of eruptive or intrusive igneous 
rocks, wliich have broken out along the same line at different periods f. 

The annexed drawing, taken from the terrace of Powis Castle, shows 
these hillR in the distance to the north-east. They mark a line of erup- 
tion that separates the Lower Silurian rocks, on the left hand, from the 
Upper Silurian of the Long Mountain on the right. Now, it has been de- 
monstrated that along this line of eruption, ranging from S.W. to N.E., 
some volcanic dejections were spread out on the sca-bottom during the 
formation of the Lower Silurian strata, and that other eruptions and dis- 
locations afterwards took place along it, heaving the strata into highly 
inclined positions, like those on which Powis Castle stands. It further 
appears that on the edges of these Silurian and volcanic rocks Carbonife- 
rous deposits were afterwards accumulated, and that again, after all these 
and other formations, including the New Bed Sandstone and Lias, were 

* In England, curious actual proofs of this con- shale and sandstones into burnt-earths, or porcel- 
version ^ur m the South Staffordshire coal- lanites of divers colours, some of them resembling 
field, near the town of Dudley, where the long- the riband-jasper of mineralogists, 
continued combustion of subterranean coal m t See detailed descriptions, Silurian System, 
abandoned mines has converted the associated p. 287 et $eq. 
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completed, still more recent eruptions occurred along this same line of 
fissure*, as indicated by igneous dykes which traverse those Secondary 
formations to the north of Shrewsbury. 



View or the Breidden Hills near Welsh Pool, from Powis Castle. 
(From a Drawing by Lady Murchison, Sil. Syst. p. 302.) 


The shortest method of explaining to the reader the structure of the 
Breidden Hills is to exhibit this small diagram. It represents a mass of 

Section across the Bretppen Hills. 

(Taken from a Section by Mr. Ayeline of the Geological Survey.) 

N.W. S.E. 


Eodney’s 

PiUar. 



h * h h h* h d 


h. Lower Silurian slaty rocks, h*. Cotemporaneous volcanic breccia, d. Wenlock 
shale, or base of the Upper Silurian. # Eruptive rocks. 

porphyritic and amygdaloidal greenstone, which in its protrusion has 
carried up included portions of slaty rocks, and has thrown off pebble- 
bods and Upper Silurian rocks to the S.E., and Lower Silurian to the 
N.W. 

One of the igneous rocks most easily examined, on this line of habitual 
outburst in ancient periods, is the large basaltiform mass at Welsh Pool, 

^ For the proofs of this see Sil. Syst. p. 1*99 et aeq. 
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which cuts, as a dyke, through the Lower Silurian strata and has much 
altered them. At a little distance, however, from the trap-rock, those beds 
contain organic remains, some of them having particularly the Trinucleus 
concentricus or T. Caractaci (see PI. IV. f. 2-5). 

This prismatic igneous rock is largely quarried as a building-stone, like 
that of the Whittery Quarries. It is remarkable in having its light-green 
felspathic matrix abundantly speckled with minute kernels of calcareous 
spar, which being mixed with the finely aggregated felspar renders the 
rock a sectile and valuable freestone. 

Eruptive greenstones, as well as hypersthene rock, are seen to cut through 
Silurian strata near Old Radnor (Sil. Syst. p. 318) ; but as they are asso- 
ciated with strata of younger date than those we are now considering, they 
will be more appropriately mentioned in another chapter. 

On the flanks of the Cameddau Hills, between Llandrindod and Builth, 
there arc irregular masses of igneous rock which have broken through 
and highly altered the Llandeilo Mags. Beautiful examples of this are 
seen on the banks and in the bed of the Wye, west of Builth. (See Sil. 
Syst. p. 332 et seq.) 

On this occasion one diagram only is selected from the plates of my large 
work, to show, first, how the strata of the Llandeilo formation alternate 
with bedded igneous rocks, h*, and, next, how they have been altered in 
contact with eruptive masses, *. It is in these black and hardened schists, 
along the lines of contact, that films of anthracite were found, which led 
credulous farmers to search for coal t. 


N.W. 


Section across the Q-elli Hills. 
(From Sil. Syst. pi. 33. f. 5.) 


S.E. 


h. Llandeilo Flags, b*, Llandeilo Flags with interpolated cotemporaneous felspathic 
ashes, &c. * Eruptive rocks. 



Another frequent result, in this district, of the intrusion of the igneous 
rock into the schists is the production of much sulphuret of iron, the 
decomposition of which mineralizes the various waters at Llandegley, 

t A full exposure of this folly was mven in the ‘ Silurian System,' p. 328, with this diagram, repre- 
senting an actual search after coal (!) at a spot called Tin-y-Coed, thus:— 



i, Llandeilo schists traversed by a gallery, e, until the eruptive trap-rook, *, was reached, where 
the coo^enterpriee was necessarily stopped. 
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Llandrindod, Builth, Uanwrtyd, &c. that gush out around or near this 
Tolcanized tract. 


In North Wales, some of the finest examples of the stratified and co- 
temporaneous beds of felspathic ash or volcanic grit arc exhibited in the 
environs of Ffestiniog. There the interval between the green and grey 
schists, of the age of the lingula-fiags of Tremadoc, and certain overlying 
black roofing-slates is occupied by syenite, satiny schists, and volcanic 
grits, the last being partly coarse conglomerates. To the west of Tan-y- 
bwlch, these beds assume the form of ashes, which are there as finely 
levigated as the materials of many schists. They are associated and alter- 
nate with hard grit, penetrated by large branching veins of white quartz. 

Occasionally this felspathic ash is separated into thick beds formed of 
slightly inclined lamina) of deposit, and is traversed by numerous highly 
inclined lines of slaty cleavage, from which the associated coarse grits are 
exempt. 

An adequate acquaintance with such features can be attained only by 
traversing those mountains with the remarkable illustrations of the Geo- 
logical Survey in handf . In the area of a few square miles, the geologist 
there meets with numerous grand alternations of inter stratified volcanic 
tuffs and conglomerates, mostly felspathic, but sometimes sandy and cal- 
careous, which have been pierced by eruptive igneous matter, whether 
syenite, felstone, or greenstone, here and there porphyritic J. It is, in- 
deed, sometimes most difficult to separate the cotemporancous igneous rocks 

porphyries ’ of Sedgwick) from the subsequently intruded masses. 

Then, again, let the student have with him the minutely worked maps 
of these districts, and, observing the faults or fractures as delineated on 
them by the great number of white lines, he may form some idea of the 
consummate skill and labour by which such results have been obtained. 

This brief sketch of the igneous operations which were the accompani- 
ments of the Lower Silurian sediments cannot, indeed, be better termi- 
nated than by exhibiting two woodcuts, reduced from the large Sections 
of the Survey, which record the labours of Ramsay and Selwyn in North 
Wales. The first of these diagrams (p. 83) represents the relations of the 
different rocks composing the mountain of Cader Idris, near DolgoUy. 

The lowest strata here indicated, a, are slaty schists, containing a 
few Lingulae ; they have been traversed by porphyry, *, and towards their 
summit contain some layers of felspathic ashes. Then follow grand masses 

t The repeated alternations of these volcanic trated in the new work of the Survey, by Ramsay, 
rocks with the sohists and slates of North Wales ‘The Geology of North Wales.’ 
can be best understood bv reference to the J A fine example of this succession to the north 
maps and sections prepared by Ramsay and Bel- of Ffestiniog was pointed out to M. de Vemeuil 
See Sheets 76 and 78 of the Geolonoal Sur- and myself by Professor Ramsay in 1861, the real 
vey Map, and the illiistrative Sections of the same merits of whose labours have recently been made 
on me six-inch scale. In the small Map attached known in an admirable Memoir of the Geological 
to this work, and which, as before explained, is Survey. It is, indeed, a perfect model of what a 
nmply a reduction of that of the Government work ought to be which professes to descrilx* the 
8ui^eyor8,_numberleBB details are necessarily true structure of a complicated region. The fossil 
omitted. .These have now been thoroughly illus- remains are well described by Mr. Salter. 
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of porphyry and greenstone, whidi alternate with Lower Silurian slates, 
probably of the Llandeilo age, h, and some accompanying ash-beds ; 

Cader Idris. 



a. Upper part of the Linffula-schists, with porphyry. * Grand masses of poiyhyry 
and other igneous rocks, with courses of hard slaty Lower Silurian schists, b. c. Lower 
Silurian, assuming its ordinary character of shale when removed from the igneous 
rocks. 

whilst the overlying slates and schists, c, are Lower Silurian rocks, 
which resume their ordinary characters when removed from the igneous 
foci of which Cader Idris was one great centre of action. Thus we see, 
in examining this mountain, that the crystalline and slaty strata op its 
flanks, b, are succeeded by other masses, r, which, in proportion as they 
recede from the igneous rocks, partake more of the character of ‘ mud- 
stone.’ This character prevails, indeed, wherever the strata are unaltered, 
from the base of the Silurian system to the very youngest of its beds. 

The following section (p. 84) illustrates the structure of Snowdon, and 
shows to what an extent the sediments constituting the highest mountain 
in England and Wales have been modified. Independently of the slaty 
cleavage by which large portions, and particularly its western flanks, have 
been impressed, as seen in the fine lines which cut across the beds, under 
the word ‘ y-Tryfan,’ the student wiU perceive that rocks inferior to any 
which are sketched in the foregoing section of Cader Idris are here repre- 
sentedf. 

The strata, c, which constitute the lower portion of Snowdon, and repose 
upon the older slates and Lingula-flags, b, consist of dark bluish-grey 
slaty schists, representing the inferior part of the Llandeilo formation. 
In them, however, no clear fossil evidences have been detected. They 
are traversed by masses of eruptive rock ( ♦ ), which, whether consisting 
of porphyry and greenstone or of compact felspar (fclstone) have been 
described by Sedgwick, and their relations have been completely defined 
by Ramsay. In following, however, these same beds a few miles, to the 
environs of Ffestiniog, we meet with the fossils of the lower member of 

t ProfeBflor Bamsays obaftrvatioixB on these place during the Lower Silurian epoch. He also 
igneous phenomena in North Wales, are elaborated infers that all those igneous rooks were formed 
with great abililv and precision, in his recent pub> during the older Silurian period, commencing at 
lioation in the Memoirs of the (Geological Survey, the close of the deposition of the Lingula-beds, 
in Chapters xvii. & xviii.,whioh are specially recom- He establishes this important inference by point- 
mended to the attention of geologists. He assigns ing out that the intruded masses have all been 
good grounds for thi* belief that, although some of subjected to subsequt'ut forces which bent, con- 
ttie intruding bosses and dykes of poriihyiy, syenite, tortod, and fractured those ancient accumulations, 
and greenstone were post(*rior to the sediraentarv Hence both the interstratified and the intrusive 
felspathic ashes and other volcanic sheets which mneous rocks pertain to the same great Lower 
they traverse, others probably represent the Silurian epoch. (See also Qu art JourmO-eoLSoc. 
deep-seated portions of the volcanic centres vol. ix. p. 170, 1858.) 
whence ejections and flows of felspathic lava took 
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the Llaiideilo formation already indicated^ and thus the age of the 'whole 
mass is established. In the next overlying accumulations, d, we already 



dud many Caradoc fossils, although 
the original beds alternate rapidly 
with volcanic dejections of felspathic 
and other materials. 

For a graphic delineation of these 
grand igneous phenomena of North 
Wales, I refer the reader to Prof. 
Ramsay’s description of the enor- 
mous outpourings and accumulations 
of volcanic materials in Merioneth 
and the neighbouring districts, where 
he finds that ' ash-beds ’ are certainly 
underlain by porphyritic rocks over 
an area of at least 60 square miles, 
and were once probably overlain by 
an equally wide sheet of felspathic 
lava, — the igneous rocks of Snow- 
don itself being estimated to have a 
thickness of 3100 feet, without the 
intercalated beds of fossiliferous grits 
and slates. (‘Geology of North 
Wales,’ p. 133.) 

Truly grand as are these igneous 
features of North Wales (and si- 
milar phenomena, though on a less 
scale, occur in South Wales — Pem- 
brokeshire), they are, I repeat, pre- 
cisely of the same class as those of 
the western hills of Shropshire, de- 
scribed (pp. 65, 67) as the true Lower 
Silurian types, and the age of whose 
volcanic eruptions was established 
by the associated organic remains. 
In like manner, we now know, 
through their imbedded fossils, that 
the slaty and arenaceous masses, 
with their beds of igneous deposits, 
constituting the summit of Snowdon 
were formed at the very same time 
with the shelly sandstones of the 
humbler hills on the eastern fiank 
of Caer Caradoc. 
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CHAPTER V. 

LLANDOVERY ROCKS (TRANSITION FROM LOWER TO UPPER 
SILURIAN). 

Tins FORMATION SHOWN TO BE OF INTERMEDIATE CHARACTER, CONTAINING BOTH LOWER 
AND UPPER SILURIAN FOSSILS, WITH SOME PECULIAR TYPES. — ASCENDING ORDER OF THE 
WHOLE GROUP NEAR LLANDOVERY IN SOUTH WALES, WHERE MOST DEVELOPED. — THE 
UPPER PORTION ALONE EXHIBITED IN RADNORSHIRE, SHROPSHIRE, HEREFORDSHIRE, THE 
MALVERN HILLS, MAY HILL, TORTWORTII, THE LICKEY HILLS, ETC. — TARANNON SHALES, 
OR BASE OP THE UPPER SILURIAN IN NORTH WALES. 

In my earlier publications, the whole group of strata to which attention 
is now invited was placed at the summit of the Lower Silurian rocks. The 
progressive researches and labours of my cotemporaries, however, have 
for some time led me to admit that, whilst the lower and larger portion 
of this formation is related, through numerous organic remains, to the in- 
ferior half of the system, the higher member, though also containing some 
of the lower types, is, by many of its fossils, more naturally connected 
with the Upper Silurian At the same time, the formation is eminently 
characterized throughout by certain Pentamcri peculiar to it, which arc 
not known cithei in the subjacent or supeijacent deposits, and also by 
some species of other shells which never rise into the W^'cnlock (or tru»* 
Upper Silurian) rocks. A short chapter is therefore devoted to the con- 
sideration of this group, showing its intermediate character and varied 
development in different localities. 

Though not recognizable in the northern or central parts of the Silurian 
region, the inferior member of the formation is fully exposed in extensive 
tracts of South Wales to the north and west of liundcilo, particularly near 
Llandovery, where it was formerly described in detail (Sil. Syst. p. 351). 
Let us first, then, consider the nature and contents of these rocks as seen in 
ascending order in the last-mentioned tract, where both their members are 
exposed, and afterwards treat of them in certain districts where the lower 
member of the group is wanting and the uppermost subdivision alone is 
visible. 

In the first edition of this work, all these rocks were termed ^ Upper 
Caradoc ; ’ but that term was set aside in the last edition. The local name 
• of ^ Llandovery Bocks ’ was then taken, from the district where clear phy- 
sical relations are seen of the transition from the Caradoc formation beneath, 

* This last feature was first pointed out hj memoir on the May Hill Sandstone (Phil. Mag 
Professor Sedgwick and Professor M‘Coy in their ser. 4. rol. Yiii. 1854, p. 801). 
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up into the lower member of these deposits, and from the latter into the 
upper band of the formation. The table of colours attached to the Map, 
and the accompanying brackets, explain the nature of this link ; and the 
geologist who may examine the various tracts of country described in these 
pages will readily understand this classification. 

fieverting to the natural section where the fiags of Llandeilo (p. 73), to 
the north of the town of that name, are overlain by the equivalents of the 
Caradoc formation, it has been observed that there the strata of the latter 
graduate upwards into coarser sandstones, occasionally conglomerates, in 
which some Pentameri have been found. These last-mentioned strata, 
though containing few fossils, extend, as already mentioned, over consi- 
derable tracts of South and North Wales, where they really form the sum- 
mit of the Lower Silurian rocks. 

On the left bank of the Towy, and particularly in all the tract extending 
from the River Sowdde to Noeth Giiig, north of Llandovery, these sandstones 
and shales, with a conglomerate at their base, and also resting on Caradoc 
rocks, prevail in a range of hills whence many characteristic fossils, pub- 
lished in the ‘ Silurian System,’ were procured *. It was formerly stated 
that in the environs of Llandovery this sandstone had not the durability 
and firmness of the Caradoc Sandstone of Shropshire, and was not so easily 
separable from those Upper Silurian rocks from beneath which it emerged 
in the wooded hills near that town. The formation, however, was shown 
to be loaded with many fossils of true Lower Silurian character, derived 
from Rhiwfelig, Blaen-y-cwm, Cefn Rhyddan, and Goleugoed, the last- 
mentioned locality, whence the Llandovery building-stone is extracted, 
having afforded most of the species. ^ 

The following fossils, figured in the ^ Silurian System/ are repeated from that 
work in Plates VIII., IX., X., XI. : viz., Orthoceras bisiphonatumj 0. approxima- 
tum ; Lituites undosus ; L. comu-arietisj Pleurotomaria Pryceae ; P. angulata ; 
Holopella cancellata j Rhynchonella pusilla ; R. neglecta ; R. tripartita ; Orthis 
lata (including 0. protensa) j O. calligramma ; O. Actonim ; O. elegantula ; Atrypa 
crassa ; A. reticularis ; Pentamerus lens ,• P. globosus ; P. undatus j P. oblongus, 
or IsBvis ; Strophomena compressa j Leptsena sericea, &c. &c.t 

In following these rocks to the north-east, by Llandovery, through the 
elevated moory grounds of Mwmfre, they arc seen to become more 
quartzose, and to rise up into the bare and stony hills of Noeth Griig and 
Cefn-y-garreg about 1500 feet above, the sea, where the whole forma- 
tion is admirably exposed, as in this diagram J. 

* The oollections were chiefly made by my re- 1 1 rerisited this locality since the first edition 
spect^ fHend the late Mr. Williams, Burton, of of this work, in company with Earl Duoie, Prof. 
^ndoTery, and his son, now the Eev. Stewart Bamsay, and Mr. Ayeline. The latter fhmished 
WtlHams. - . . . . . ®’ section more accurate than any one 

t Several names of fossils given in the ‘ Silurian previously published, although it does not differ 
By^m, p. Ml &C., are here omitted, as more essentially from the original section given in the 
perfect specimens have shown that those forms * Silurian System.* 
belong to some of the species here named. The 
names of some genera have also been changed; 
but the types remain the same. 
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Noetii Q-rug. (From Uie Government Survey.) 

S.E. , N.W. 
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a. Schists, &c., representing the Caradoc formation, b. Lower Llandovery rocks 
(Llandovery Sandstone), c. Upper Llandovery rocks : equivalent of the May Hill 
Sandstone, d, Tarannon Shale, or ‘pale slate* (of which hereafter), e. Wenlock 
and other Up^r Silurian strata, without subdividing limestones. /. Base of Old Bed 
Sandstone. (Compare with Section, Sil. Syst. pi. 34. f. 3.) 


Wild and uninhabited, this small tract is truly remarkable in being the 
only one in England and Wales wherein the lower and upper zones of the 
Llandovery rocks have as yet been observed in a united mass, and with 
clear relations to the inferior and superior strata. In the last chapter a 
succession from the Caradoc formation into the lower member of this group 
was, indeed, indicated as occurring over large districts of the west of Car- 
marthen and Cardigan. But there the upper member of the Llandovery^ 
rocks seems to be wanting, and no overlying Upper Silurian strata are 
contiguous, as in this district. In the bare and rocky undulations around 
Nooth Grug, no unconformity is observable between the underlying beds, or 
the representative of the Caradoc formation, and the Llandovery strata 
surmounting them, which ar6 laden with Pontameri and other fossils of the 
group under review. iN’or is any discordance visible either between the 
Lower and Upper Llandovery rocks, or between the latter and the overlying 
Upper Silurian strata, as well as the Old Bed Sandstone. What then is 
the age and equivalent of the lower and larger portion of the hard gritty 
sandstone (i) ? If mineral aspect be considered, this rock would certainly 
be ranked as one of high antiquity ; for the softer and more argillaceous 
sandstone and building- stone of Llandovery has in the short intervening 
distance become a hard intractable grit, traversed by planes of slaty clea- 
vage, as shown in the white lines of the drawing. 


Again, if the fossils of the lower beds of these sandstones be appealed to, we 
find in them, either at this or other localities, the following unquestionable 
Lower Silurian types : — ^Illaenus Bowmanni, Salter ; Lichas laxatus, M^Coy ; 
Murchisonia simplex, id.j Orthis insularis, Eichwald ; O. calligramma, PI. V. 
f. 9 ; O. Actonias, ib. f. 11 ; Strophomena bipartita, Salter ; Leptasmi sericea, 
PI. V. f. 14 ; Cyclonema crebristria, M‘Coy ; Lituites cornu-arietis, PI. XL f. 1 ; 
Orthoceras bilineatum, Hall. (See also woodcuts in Cliapten- IX.) 

In addition to these forms, none of which rise higher in the series than the 
zone under consideration, the following species, which are also of Lower Silurian 
date, range upwards through all the Llandovery rocks into undoubted Wenlock 
or Upper Silurian. These are : Atrypa marginalis, PI. IX. f. 2 ; Orthis elegantula, 
f. 19 ; 0. occidentalis. Hall ; Strophomena antiquata, PI. XX. f. 18 ; S. pecten, 
Dalm. ; Conularia Sowerbyi (quadrisulcata, Sil. Syst.), PL XXV. f. 10 ; Bellero- 
phon dilatatus, f. 6 ; Orthoceras ibex, PI. XXIX. f. 3. (See Plates VIII. to 
XI., and woodcuts in Chapters VHI. & IX.) 
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There are other fossils which occur in both the Lower and Upper Llandovery , 
rocks^ such as Leptssna sericea, Orthis reversa^ Khynchonella fiircata, K. angus- 
ti&ons, Baphistoma lenticularis, Holopella cancellata^ Petraia subduplicata^ and 
P. elongate The chief character, however, which unites the lower and upper 
members of this formation, besides the community of these and other species, is 
the great abundance of Pentamerus, Atrypa, and Petraia, — and the absence of 
all, or nearly all the characteristic Trilobites of the subjacent deposits. 

The upper member of the group, c, as seen on the summits and slopes of the 
hills of Noeth Griig and Ocfn-y-garreg, has always seemed to me (even in my last 
dose reexamination in 1856) to form the regular and conformable capping of the 
lower strata, b. In it we not only find the continuance of the same lithological 
character and colour of the hard, gritty stone, but also the same distinguishing 
fossils, the Pentameri, of which Pentamerus oblongus becomes much more abun- 
dant and characteristic, though still accompanied by P. undatus and P. lens (see 
PI. Vni.). Figures of the other fossils of this zone, including the Atrypa hemi- 
spheerica, A. reticularis, Bellerophon trilobatus, Encrinurus punctatus, and Pe- 
traia subduplicata, will presently be g^ven in describing the range of these Upper 
Llandovery rocks through Shropshire and other tracts, where these types are as- 
sociated with Upper Silurian fossils. 

Upper Llandovery RocJcs in Radnorshire, Shropshire, Herefordshire, the 
Malverns, ^c. — In quitting the typical Llandovery tract, and in proceeding 
to the and E., or to the S.W., the Geologists of the Survey have every- 
where observed a marked absence of the lower member of the Llandovery 
rocks, and have ascertained that the upper zone with Pentamerus oblongus 
is alone present, and forms the natural base of the Upper Silurian rocks. 

Thus, in Badnorshire, this upper zone is represented by a thin course or 
two of sandstone or conglomerate, occasionally resting, as near Builth, in 
striking unconformability on the upturned edges of the Llandeilo flags. 
That tract, it will be remembered, like the district of Shelve and Comdon 
in Shropshire, is replete with igneous rocks ; and, in both, the Llandeilo 
formation appears to have been raised from beneath the waters, and not to 
have been depressed or again subjected to any marine action during the 
whole period when the Caradoc formation was accumulating. Such rela- 
tions are strikingly exhibited in the diagrams already given at p. 59. 

In tracing the relations of the Caradoc sandstones of Shropshire to the 
overlying shale and limestone of the Wenlock Edge, I was formerly led to 
believe in the existence of an unbroken ascending series. This appeared 
to be the case on the banks of the Onny, where that river flows from Hor- 
derley on the N.W. to Wistanstow on the S.E. I then saw that the lower 
beds of the Caradoc formation were highly inclined in the proximity cf the 
igneous rocks of Caer Caradoc, but that the inclination decreased gradually 
to the east, so that the flagstones of Cheney Longville, which were de- 
scribed in the last Chapter, seemed to pass with apparent conformity under 
those beds of shale and limestone which contain Pentamerus oblongus, 
Now, as I had found this same charact^stic fossil in strata of South 
Wales which graduate downwards already showm) into rocks with 
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Lower Silurian forms, and had never de- 
tected it in the overl 3 dng Wenlock shale, 
and, further, as in the greater part of the 
Silurian territory the strata which con- 
tain it are coarse grits and sandstones 
resembling the inferior rocks, but wholly 
unlike the superior argillaceous formations 
of Shropshire and Herefordshire, I naturally 
classed the rock with the Lower Silurian. 

Many years elapsed, and even the Geo- 
logical Surveyors also examined and mapped 
the district under consideration without 
perceiving the break ; but it was detected 
in 1853 by the researches of Messrs. Aveline 
and Salter (Quart. Joum. Geol. Soc. vol. x. 
p. 62). These gentlemen obselrved a want of 
conformity between the great mass of the so- 
called Caradoc sandstone beneath and the 
rocks with Pentamems above, the latter 
being perfectly conformable to the Wenlock 
shale. The amount of unconformity, as seen 
in this woodcut, which is taken from a pub- 
lished section of the Government Survey, is 
greater than that which can be detected on 
the line near Wistanstow, on which the suc- 
cession was originally noted by myself 

This diagram exhibits not only the Upper 
Llandovery rock reposing in one place upon 
the truncated edges of the Cambrian or 
Loiigmynd rocks, (7, and in another place 
transgressive on the true Caradoc, c, but is 
further highly expressive of the powerful 
fractures or faults by which the typical 
region has been atiected at periods long 
subsequent to all those movements of the 
subsoil which product'd the unconformable 
deposition of these strata. 

When this country was examined by me 
in 1832-3-4, it was, indeed, considered 
that the powerful outbursts of igneous 
matter, seen in the contiguous eruptive 


* The amount of this discordance on the Onny can only with great diflaculty be ascertained, and 
is so slight, and the banks of the river at the that when thenver is very low; at other times the 
point junction are so overhanging, that the river must he waded to see the break, 
slightly transgressive arrangement of the strata 
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ridge of Caer Caradoc, might well account for all such partial dislocations ; 
and as the uppermost of the shelly sandstones at Cheney LongviUe clearly 
dipped under the Pentamerus zone or Hollies limestone (Upper Llandovery 
rock), and this last passed under the Wenloek shale, the general order of 
superposition, notwithstanding the adjaeent disturbances, could not be 
doubted.* See the preceding general woodcut, page 64. 

The fossils which most characterize this member of the deposit in Shrop- 
shire, as elsewhere, are Pentameri, particularly P. oblongus and P. lens, 
with Atrypa hemisphaBrica, Khynchonella decemplicata, and Strophomena 
compressa. With these, however, there are other species, some of which 
occur in the Lower and many others in the Upper Silurian rocks. Among 


Upper Llani>ovbiiy Fossils (15). 



1. Pentamerus lens. 2. P. oblongus. 3. P. liratus, Row. 4. Atrypa liemisiihaTica. 
5. A. reticularis. 6. Pentamerus undatus. 7. Strophomena compressa. 8. Holopella 
cancellata. 9. Bellerophon trilobatus. 10. Encrinurus punctatus. 11. Petraia subdu- 
plicata, M‘Coy. 

the former are some of the species already enumerated, viz. Leptsena seri- 
cea, Orthis calligramma, 0. biforata, Cyclonema crebristria, and all the 
species above mentioned (p. 87) which range from the Lower into the 
Upper Silurian rocks. The species common to this zone and the overlying 
formations are Phacops Stokesii, Atrypa reticularis, Pterinea retroflexa, 
Bellerophon trilobatus, B. expansus, and others. 

The woodcut, Foss. 15, exhibits those fossils only which are truly typical 
of the Llandovery rocks. Some of these forms, however, are so abundant 
in the Lower Silurian as well as in this zone, and so rare in the Wenloek 
formation or base of the Upper Silurian, that they still give a distinct 
impress to the deposit. 

In Shropshire, this zone of Pentamerus rock varies much in dimensions. 
When followed to the N.E. from the banks of the Onny, where it is a thin 
calcareous course only, it jso swells out in the parishes of Church Preen and 
Kenley, that a considerable thickness of sandstone and conglomerate is 
there interposed between the shelly sandstone of Caer Caradoc and this 
Upper Llandovery limestone. Both those villages, as described in the 
* Silurian System,’ stand upon coarse grits with white quartz pebbles, in 
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parts almost a conglomerate, the beds rising at a low angle from beneath 
the Hollies or Pentamems limestone and the overlying Wenlock shale, to 
both of which they are conformable. The chief fossil in this coarse grit 
and conglomerate is Rhynchonella decemplicata (PL IX. f. 16 ). These 
rocks also range up to the south-eastern flank of the Wrekin, and dip 
with the Pentamerus limestone under the * Die earth,’ or Wenlock shale, 
of Buildwas and the gorge of the Severn. 

On the south flank of the Longmynd, this zone, whether in the form of 
a pebbly conglomerate or of an impure limestone, both charged with Pen- 
tamerus oblongus, reposes at a low angle of inclination on the ancient rock, 
as thus represented in my old work. 

At the spot to which this 
diagram refers, copper veins, 

V, are seen to penetrate both 
the subjacent Longmynd rock, ^ g;, pj 33 f 4 ^ 

a, and the overlapping Pen- 
tamerus rock, e , — the last being overlain by Wenlock shale, /. 

In another part of Shropshire the rock is seen to protrude along a lino 
of fault as an isolated patch through the Wenlock shale of Brampton Bryan 
Park, and is again visible further to the S.W. at two points in Radnor- 
shire, — the one in a dome to the south of the town of Presteign, the other 
on the western slopes of the hill of Old Radnor. (See Map.) In these 
examples it is a quartzose, pebbly conglomerate, passing into a hard, coarse 
grit (Gorton), in which casts of Pentamerus oblongus and other fossils 
occur, such as Atryi)a hemispheBrica, Petraia elongata, and P. bina. Along 
this line it is also ob^dously the lowest bed brought up in domes and arches 
by the line of igneous eruption, along which the hypersthenic and fels- 
pathic rocks of Stanner, Hanter, and Ousel have been evolved. These 
outbursts have so altered the contiguous sandstones, schists, and grits 
(just as around the Wrekin and Caer Caradoc), that in Old Radnor Hill 
and Yat Hill it is difficult to determine which parts of the masses are 
metamorphosed rocks resulting from the efiect of volcanic eruption, and 
which have really been in a molten state. The diagrams illustrating this 
phenomenon, including the metamorphosis of the limestone of Nash Scar, 
will be given in the Sixth Chapter, which treats of the Wenlock formation. 

In that district of Radnorshire, the Upper Llandovtiry rock is a siliceous 
grit and conglomerate, and is at once conformably surmounted by shale 
and limestone, which, from their fossils, arft grouped as the lower member 
of the Wenlock formation of the Upper Silurian rocks, or Wooihope lime- 
stone, as will be hereafter described. 

Again, on the western flank of the Malvern Hills we meet with sand- 
stone and conglomerate characterized by the above-mentioned Pentameri. 
As these rocks have there, according to Professor Phillips, a thickness of 
600 feet, and have peculiar relations to the rocks on which they repose, as 
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well as to those under which they dip, a few pages may be instructively 
devoted to a sketch of the leading features of that striking ridge of hills. 

Malvern HiUs . — The picturesque tract above referred to, detached from 
the main region over which rocks of Silurian age are continuously extended, 
is chiefly composed of the undulating grounds which lie upon the western 
flank of the Malvern Hills. The accompanying vignette represents the 



North Hill. Worcester Beacon. Hereford Beacon. 

View of the Malvern Hills from the West. 

(From a sketoh by Lady Mureliison, Sil. Syst. p. 40i).) 


Herefordshire Beacon on the right hand, followed by the Worcestersliiro 
Beacon and the North Hill in the distance, as seen from the undulating 
grounds composed of Upper Silurian rocks which occupy the western flank 
of the ridge, the highest parts of which are exclusively composed of crys- 
talline rock, both eruptive and metamorphic 

Though occupying a much narrower zone than in the typical tract of 
Shropshire, the Silurian rocks constitute an almost continuous band, from 
the northern end of the Abberley Hills to the southern extremity of the 
Malvern Hills, a distance of about twenty-four miles. Throughout this 
space the beds strike, on the whole, from north to south, and dip rapidly 
to the west, by which they pass under the Old Bed Sandstone of Here- 
fordshire t. In the northernmost part of this line of elevation, or the 
Abberley Hills, no rock of truly eruptive character is seen except at one 
spot, west of Martley, where, many years ago, I detected a small boss of 
syenite, identical in character with the chief eruptive rock which protrudes 
in large masses on the summits and slopes of the Malvern Hills. 

That crystalline ridge, chiefly of igneous and metamorphic origin, was 

* Since the last edition of this work, the Mai- faithfully recorded ; and an interesting exposure 
vem ridge has been traversed by the Worcester of the Passage-beds from the Ludlow rocks into 
and Hereford Railroud ; and a section thereof, on the Old Red Sandstone, at Ledbury, is described 
a large scale, was made by Mr. Allan Lambert, both in that memoir and in vol. xvi. p. 194, of the 
A description of the strata passed through, be- G-eologioal Society’s J oumal. 
tween MalvernWells and Ledbury, illustrated by a t On the east all these rocks are flanked by the 
reduced copy of that s«‘ction, is given by Mr. Lam- New Red Sandstone, the divisions of which have 
bert and the l^v. W. 8. Symonds, in the Journal been laid down in the Sheets 43 & 65 of the Oeo- 
of the Oeolf^caJ Society, vol. xvii. p. 164 &o. The logical Survey Map. S<‘e also the memoirs, by the 
relative' position of the several igneous and schis- late Hugh Strickland, Phil. Mag. 4th Ser. vol. ii. 
to*® J^ks of the Malvern Hills, succeeded on that p. 358; and by the Rev. W. S. S^ymonds, Joum. 
P®rail<'l by the Upper Llandovery and the whole G-eol. Soo. vol. xi. p. 450, vol. xvii. t 
series of the Wenlock and Ludlow rocks, ia there Hdin. New Phil. Joum. vol. v. p. 257. 
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well described by Mr. Leonard Homer in the infancy of English geology. 
The prevailing rocks are varieties of syenite, consisting of quartz, felspar, 
and hornblende, and occasionally, where the last-mentioned mineral is 
absent, presenting the appearance of a true granite. Of the other mine- 
rals, epidote is most disseminated. Again, compact felspar-rock or felstone 
is abundant, and passages from it into syenite and greenstone are not 
iinfrequent. These amorphous rocks have evidently intmded upon certain 
stratified deposits which, usually in a highly altered condition, occur in 
and along the syenitic chain. They consist of chloritic schist, quartzite, 
and highly twisted micaceous schist, passing into a sort of gneiss. 

I have already assigned (p. 14) my reasons for not accepting the inge- 
nious interpretation of Dr. HoU*, that these crystalline rocks are of Lau- 
rentian ago, and have explained why I consider them to be a metamor- 
phosed mass of the lower portion of the Cambrian deposits, and therefore 
equivalents of the crystalline (metamorphic) Cambrian rocks of Anglesea 
and North Wales. In thus differing from Dr. HoU, I am bound to say 
that his memoir on the Malvern HiUs is well worthy of being studied by 
geologists ; for, irrespective of the theory by which the crystalline rocks 
are referred to the Lauren tian age, all the subdivisions of the rocks com- 
posing these hills are most instructively indicated, — the mineral characters 
of the crj^stalline rocks, as determined by the Rev. J. H. Timins, being 
described with great skill, some corrections being made in the mapping 
of faults and strata, and much interesting information brought to bear on 
the history of the formations and their changes. 

It not being within the scope of this volume to describe in detail the 
former effects of eruptive molten matter in transmuting the character and 
condition of the sediments through which it bursts forth, I would beg 
geological students to examine the natural section (p. 95), with the detailed 
works of Phillips, Symonds, and Holl in hand. According to my view, he 
will see that, as the strata flanking the ridge on either side approach to 
its central part, or axis of igneous rocks, they gradually become more hard 
and brittle, and that, their schistose character gradually ceasing, the beds 
pass into thick amorphous masses, in which the lines of bedding are lost, 
and the substance is much altered and fissured by many de\dous joints with 
serpentinous coatings. The nucleus or eruptive mass, exposed in extensive 
quarries in Ragged-stone Hill, near the White-leaved Oak, is compact fel- 
spar, passing into syenite ; but the northern extensions of this same erup- 
tive ridge, particularly as displayed in the Worcestershire Beacon and North 
Hill , contain other varieties of the igneous rocks already spoken off. 

It would appear from the close examination made by the Rev. W. S. 
Symonds and Mr. AUan Lambert, during the making of the tunnel at 

^ See his memoir, Quart. Joum. Geol. Soc. vol. in 1852, was still visible in 1858 in the bottom of 
xxi. p. 72 & 0 . the quarries ; for doubtless it maj now be hidden 

t It was gratifying to me, in a visit with by de'bris, and subsequent observers might be 
Professor Bamsay, to observe that this minute sceptical, 
point of the syenitic axis, which I first observed 
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Malvern Wells, on the line of the Worcester and Hereford Eailway, that 
the nucleus of the hills there, as at the White-leaved Oak, consists of 
igneous rocks, traversing the old syenitic gneiss, and really constituting 
the centre of the Malvern range. The eruptive rock, however, must have 
cooled and hardened long before the period of the deposition of the Upper 
Llandovery sandstone ; for Mr. Symonds mentions that he was astonished 
to find almost in the centre of the hill two thin bands of that rock, con- 
taining characteristic fossils, which had evidently been deposited in a 
fissure in the syenitic rock when the ridge of the Malvems was submerged 
beneath the sea of the Upper Llandovery period. (Quart. Journ. Geol. 
Soc. May 1861.) 

The lowest of the unaltered deposits which have been termed Silurian 
by Professor Phillips and myscK is the HoUybush Conglomerate and Sand- 
stone ; and these are overlain by certain schists, which are in parts so black 
as to have given the name of Coal Hill to some hilly arable ground to the 
west of Keys End Hill (see p. 95). 

These lower strata of sandstone and black shale extend from north to 
south along the slopes of Midsummer Hill, Eagged-stone Hill, and Keys 
End Hill, or the southern portion of the chain, for a length of upwards 
of two miles, and have an average width of half a mile from oast to west, 
in which space they are perforated, hero and there, by small bosses and 
dykes of intruded greenstone, as laid down in the Map of the Survey*. 
Volcanic grits and lavas interstratified with both the HoUybush Sandstone 
and Black Shales have been carefuUy described by Dr. HoU. 

The HoUybush Sandstone is weU displayed in quarries at the 114th mile- 
stone on the London-road from Tewkesbury to Ledbury, where the beds 
dip away from the part of the ridge caUed Eagged-stone HiU at an angle 
of 35°. This HoUybush Sandstone, of a light-greenish tint, containing a 
smaU portion of mica, and freckled with a few dark stains, had afforded 
no organic remains, save Eucoids, when the last edition of this work ap- 
peared ; but since then Dr. Grindrod has discovered in it tubes of Sea- 
worms, the Trachyderma antiquissimum of Salter, and some other fossils 
have been found in it by Dr. HoU and Mr. Turner of Pauntley (see p. 45). 
The beds above the conglomerate are thick, but become flag-like upwards, 
and pass through sandy shale into overlying black shivery schists. 

These schists were first described in the ‘Silurian System’ (p. 416) as pos- 
sibly belonging to the LlandeUo group, — that suggestion having been made, 
in the absence of any known organic remains, from the strata being sur- 
mounted by a zone of sandstone with Pentameri, then believed to belong to 
Caradoc sandstone, foUowed by a fuU Upper SUurian series. Subsequently 
Professor PhiUips discovered in these schists the smaU Trilobite Olenus 
humUis ; and afterwards my lamented friend Mr. Hugh Strickland de- 
tected the minute Agnostus pisiformis. The occurrence of these forms. 

These protuberances of greenstone were first noticed by Professor Phillips. 
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80 emblematic of one of the lowest zones of Silurian life (see Foss. 7. 
p. 45), led me to believe that the Hollybush Sandstone* and associated 
schists are the miniature representatives of the Lingula-flags of Wales ; and 
as tha Dictyonema (James Hall), the oldest known form of Polyzoon in 
Britain, has since been found in these beds by the Rev. W. S. Symonds, 
no doubt of their age can be entertained. In another chapter, and when 
treating of the Silurian rocks of Norway and Sweden, it will be proved 
that the relative thickness of deposits is no test whatever of their synchro- 
nism, though it is of the time which elapsed during their accumulation. The 
hundred feet or two of Hollybush Sandstones and black •schists now under 
consideration are, in short, as M. Barrande suggested, the equivalents in 
time of the Primordial Silurian Zone, or the lingula-flags of Wales, already 
described in Chapter III. 

The sandstone and black schist which constitute the lowest fossiliferous 
sediment of this tract are thrown off to the east as well as to the west 
of the crystalline chain at Midsummer Hill, south of the Hereford 
Beacon. This is seen in traversing the ridge near its south end, from 
Chase-end HiU on the east, by the White-leaved Oak, to the hilly arable 
ground on the west. The Malvems are therefore represented in the fol- 
lowing diagram as exhibiting a geological saddle, having one thin and 
partly metamorphosed flap only on the east side, and several thick flaps 
on the west, the lower part of one of which only is in an altered condition. 
Among the older strata visible on the east flank are the same black schists, 
subordinate to sandy flags, which on the western slope of the ridge of syenite 
have given to the ground the name of Coal Hill t, and in which the species 
of Olenus and Agnostus already mentioned have been sparingly detected. 

The reader will understand the facts by consulting this little general 
diagram 

Section from the Malvern Hills to Ledbury, 
w. E. 

Ledbury. Eostnor. Obelisk. Malvern Hills. 



j i hg f e f g f e d c ha * a 

This woodcut, slightly modified from a coloured section in tlic ‘ Silurian System’ (pi. 
30. f. 8), explains the general order and the undulations on the west side of the Mal- 
vern Hills, in the parallel of Midsummer Hill, Eastnor Park, and Ledbury. The 
eruptive rocks, #, of the Malvern ridge are associated with and flanked by crystalline 
felstone, schists, and gneissic rocks, a. To the west these are followed Iw the Holly- 
bush Sandstone and the Black Schists with Olenus, h. The Upper Llandovery Sand- 
stone and Conglomerate are marked by c ; their higher portion dips down from the 
Obelisk Hill of Eastnor, and passes under the Woolhope, or Lower Wenlock lime- 
stone, <?. The latter is followed by the Wenlock shale, <?, and the Wenlock lime- 
stone, / ; which last, bending under the Lower Ludlow, y, reappears in a dome that 
throws off towards Ledbury the whole of the Ludlow formation, h % after a flexure 
in Wellington Heath, imder the Old Red Sandstone,/ 

t Absurd trials for coal have been made by ignorant persons in this black Lower Silurian 
shale on both sides of the eruptive axis. 

I See Sil. Syst. p. 41?*, and coloured section, pi. 30. f. 8. 
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The next deposit met with in ascending order in the line of the above 
section, upon the west flank of the Malverns, consists of grits, conglome- 
rates, and sandstones, occupying, as before said, a thickness of 600 feet, 
the chief localities being Howler’s Heath, Cowley Park, the west of Here- 
ford Beacon, the Wych, &c. The forms usually characteristic of this band 
of the Upper Llandovery rocks are the Pentameri before noted, Atrypa 
hemisphaerica, Bhynchonella decemplicata, together with some of the Uni- 
valve Shells and Corals previously mentioned as occurring at Llandovery. 
Of the latter, the Pctraia subduplicata, M^Coy, is abundant ; and Orthis 
calligramma is not unfrequent. The zone is here specially characterized by 
a number of bivalve Nucula-like shells ; of which Ctenodonta Eastnori and 
Ct. subaequalis (PI. X. f. 7, 8) are examples. The last-mentioned species 
and its associates, BoUerophon trilobatus and Holopella obsoleta (PI. IX. 
f. 28), pass upwards, as wiU be seen in the sequel, to the uppermost 
Ludlow rock. 

One of the shells highly characteristic of the Upper Llandovery rocks in 
this district is the Lingula crumcna, Phill., which was figured by mistake 
amongst the fossils of the Caradoc formation, ‘ Siluria,’ 1st edition, p. 86 
(Foss. 7. f. 6) : see above, p. 68 (Foss. 13. f. 5). Even the peculiar Crusta- 
cean, Pterygotus, which, as we shall presently see, is eminently an uppermost 
Silurian form, has its representative here, in fragments which were found 
south of Eastnor Obelisk by Mr. John Burrow, of Malvern. 

It is also worthy of notice that a -r. /ipn 

perfect cast of a Fucoid was found in a 
fragment of this rock on the west side 
of the North Hill by the well-known and 
zealous botanist Mr. Edwin Lees ; and 
as vegetable remains are rarely found 
in these deposits, the specimen is here 
figured*. 

These Upper Llandovery rocks, in the 
form of a dingy purple grit with a super- 
jacent flaggy limestone, range from the 
End Hill of Malvern to Old StorridgeHill, 
and are seen for the last time in Ankerdine Hill, the most southern of the 
Abberley Hills. Throughout its course along the west flank of the Malverns, 
where it rests upon the eruptive rocks f, and thence to the gorge of the 
Teme, under Ankerdine Hill, this Llandovery sandstone, with its impure 

* There are many ^eoimens of these Fuooids. behind Mr. Johnson’s house on the Ledbury and 
wme of them beautifully preserved, in the ool- Malvern highroad. A drawing of the remarkable 
l^on of Dr. Grindrod at Malvern. It is a ques- upheaval oi these Llandovery strata may be seen 
tioi^ however, if some of these supposed Fuooids at the Museum of the Malvern Field-Oiub. Again, 
will not turn out to belong to graptolitio or other the beds which, at the ‘ Silurian Pass ’ of Profes- 
Boophytea sor Phillips, flank both sides of Swinyard’s Hill, 

' 'W'orthy of remark that the Llandovery along the southern Malverns, belong to the Upper 
®;lt<»ether obliterated by a fault on Llandovery strata, and they rest against the old 

west of the Herefordshire Beacon ; while a crystalline masses, as may be well seen in the 
great upheaval of the puiple beds containing gorge at the bottom of the GuUet Pass. 

Lingula occurs on the flank of the hiU immediately 
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limestone^ constitutes the regular base of all the Upper Silurian rocks 
which dip away from it to the westward. On its eastern flank, on the 
contrary, the same rock is brought into abrupt contact (see Map) with 
the New Ked Sandstone by that great longitudinal (north and south) fault 
which runs along the whole length of the Malvern and Abberley Hills *. 

In delineating with great precision the order of the strata as well as 
their flexures and breaks, Professor Phillips discovered f, on the west side 
of the Worcestershire Beacon, that one of the local conglomerates (Upper 
Llandovery, then called ‘Caradoc’), charged with several characteristic 
fossils, contained also pebbles and fragments of the syenite and other 
eruptive rocks of the Malvern chain, against which the conglomerate rests 
in a highly inclined position. Hence it was evident that along this line 
there had been eruptions, which had left a shore or island of hard rock 
from which the conglomerate in question had been derived. In fact, 
looking further back, wo see that the eruption at the White -leaved Oak 
and Chase End HiU, to which attention has been called, together with the 
consequent metamorphism of the Cambrian deposits, took place at a much 
more remote period, and that there the erupted matter traversed the 
aiicient mass of the ridge before the oldest Silurian strata of the tract, 
namely the HoUybush Sandstone, had been formed. This sandstone 
and the Olenus-shales, both belonging to the ‘ Primordial Zone,’ soon die 
out in their extension northward. Whatever may have been the succes- 
sive periods of the mutations to which the Malvern ridge has been subjected, 
it is clear that one considerable elevation of the chain took place after the 
accumulation of the Upper Landovery rocks, as proved by Prof. Phillips’s 
discovery hereafter noticed. In short, the Malvern ridge had then been 
left to be acted upon by the sea, so as to furnish materials for the comple- 
tion of a younger deposit. 

The elevation of the Malvern Hills in a solid state, and probably at a later 
period, together with the folding back of the strata, so as partially to invert 
the order and place the Upper Llandovery grits over the Wenlock shale, 
and the latter over the Hmestone (a phenomenon first pointed out by Mr, 
Leonard Hornerf as due to the uplift of the syenite, the crystalline nucleus 
of the hills), is of great interest, and such as occurs on a vast scale in the 
Alps and many other mountain-chains. 

* This fault is one of the longest that has been land’s remarks on this great dislocation, Phil, 
traced in the British Isles. On its western side Mag. 1851, vol. ii. p. 358. 

the various members of the Silurian series above t Memoirs Geol. Survey, vol. n. p. 66. Miss 
enumerated are seen in some places to be over- Phillips made this discovery. 

by the Old Red Sandstone. In other localities J This overthrow of the strata was noti ced, and 
the Silurian rooks subside, and the Old and New an excellent account of the mineral structure of 
Red are in contact as between the Abberley and the Malvern Hills was first given, by Mr. l^onard 
Malvern Hills. In its ra^e southwards, the fault Homer, in the Oeol. Trans., old series, vol. i. p. 281. 
is marked by a band of !l^rmian conglomerates ; The nature and succession of the overthrown beds 
and still further to the south,ortowardsM^Hill, a were illustrated in detail myself, ‘ Silurian 
thin Bone of Coal-measures separates the New Red System,’ p. 423, and by Professor Phillips, Me- 
of Gloucester from the Old Red of Hereford. See moirs Geol. Survey, vol. ii. p. 67 et aeq . ; anA lastly. 
Sheets 43 & 55 of the Geological Survey Map, in Symonds, Lambert, and HoU have added muw 
the last of which the relations of other and oblique to our knowledge of details and of the probable 
transverse Aults to this great loi^tudinal fracture history of the range, Quart. Joum. GeoL Soo. 
are clearly laid down. Dee also Mr. Hugh Strick- vols. zvi., xvii. xxi. 
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Passing from the consideration of these physical features, other natural 
appearances on the flank of the Malvern Hills, described by Professor 
Phillips and myself, show how difficult it is to draw any definite line 
between the Upper Llandovery rock and the lowest portion of the over- 
lying Wenlock shale. To the west of the Worcestershire Beacon, or near 
the north end of the chain, there occurs an impure limestone, occupying 
nearly the same position at the summit of the Llandovery rocks, and known 
as the ^ Hollies Limestone ’ of Shropshire (pp. 90 & 91). Though this bed 
contains some fossils which truly belong to the lower group, such as Lep- 
tasna sericea and Orthis calligramma, yet it possesses many others which 
are characteristic of the Upper Silurian division. 

The reader should compare my original description* of this intermediary 
band of limestone, as it ranges by Stumps Wood and other places west of 
the Malvems, with the more precise details of Professor Phillips and those 
by Dr. HoU. 

The Upper Silurian rocks of this tract have been here partially alluded 
to only, p. 95, my object being to show how very different is the suc- 
cession of strata beneath them to that which occurs in Shropshire and 
Wales, where the series is full and complete. It must however, be said 
that few tracts in England afford better examples for the study of the 
upper members of the system, as indicated in the little section, p, 95, 
to some features of which the attention of the reader will afterwards be 
called f. 

The insulated district of Woolhope, within a short distance of the Mal- 
vern Hills, exhibits the smallest portion only of the Upper Llandovery 
rock, in the centre of that remarkable valley of elevation which, fully 
exhibiting the whole of the Upper Silurian series, will be treated of in the 
sequel. It is well, however, here to note that the major axis of that 
elevation is from I^^.W. to S.E., and consequently at right angles to the 
mmn direction of all the Silurian rocks in Wales and the bordering 
counties of England, and also discordant to the H. and S. line of the 
Malvern Hills. 

Upper Llandovery or May Hill Sandstone , — At a distance of about nine 
miles to the south of the Malvern range, the same Upper Llandovery rocks 
reappear in May Hill and Huntley Hill, Gloucestershire, where also they 
are surmounted by Upper Silurian rocks. We have just seen that in 

* See Sil. Bjst p. 415. In his luminoas memoir Lyme Begis on the B.W., is so admirably displayed 
of the Malvern and Abberley Hills, and their ex- in the Cotteswold Hills and at Cheltenham, geo- 
tension to Woolhope, May Hill, &o., Professor leasts have gratefhlly hailed the establishment 
Phillips has skilfaliy and elaborately developed ofa Naturalists’ Field-Club and Museum at Glreat 
all the physical contortions of the strata in this Malvern (in which the late Bev. F. Dyson and 
district, and the mineral and palasontol^ical oha- the Bev. W. S. Bpnonds took a prominent part) 
racters of the rocks. By the sound philosophical for the purpose of registering all the phenomena 
reflections with whidi it is interspersed, he has in which this beautiml and divendfled neighbonr- 
immrted great value to a work which reflects the hood abotmda (See other references in Cnapters 
highest credit on the G-eological Survey of Great VI. and VII.) I rejoice to say that, in addition 
Britain. to this a8sooiation,Bix other N atural-History Clubs 

t ^ the Malvern Hills are within easy access have been established in the Silurian Begion and 
of the Lias of the Vale of the Severn, and the Border-counties, vis. the Clubs or Sodeties of 
Oohtio nnge which, extending athwart Engdand Woolhope, Dudley, the BevemValley, Cotteswold, 
from Whitby and Scarborough on the N.B. to Caradoc, and Oswestry. 
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the South Malvem Bection there is a great hiatus between this deposit and 
the fundamental stratified masses of the tract. Applying the same test to 
May Hill, by ascending from the lowest visible rocks, we meet there with 
a much greater omission. 

This ascending order is best exposed on the sides of the highroad pass- 
ing from Gloucester to Boss, near the village of Huntley. In approaching 
the higher ground, the first rock which is observed to jut out from the 
plain of the B'ew Bed Marls, has all the aspect of the Cambrian rocks of 
the Longmynd. It is a hard, siliceous, close-grained, dark-grey, schistose 
stone with quartz-veins, and is quarried for the use of the roads. Con- 
taining no fossils, and being much broken and contorted, this rock has no 
visible connexion with the overlying sandstones and shale exposed in 
ascending May Hill, in none of which are there any traces of either the 
Llandeilo or Caradoc formations, or even of the Lower Llandovery rocks. 

Seeing that this boss of old slaty rock is directly upon the southern ex- 
tension of the range of the rocks forming the Malvem Hills, I would adduce 
this fact as a support to the conclusion I have already drawn — that the 
crystalline and schistose nucleus of those hills is of Cambrian age. 

The mass of the hilly ground, as exposed on the sides of the highroad 
and ranging across Huntley HiU, consists, first, of purplish and green shales 
and sandy beds passing into hard coarse grits, and yellowish, fine, mica- 
ceous sandstones, occasionally undulating, but on the whole dipping steadily 
to the W.N.W. These beds are chiefly characterized by Atrypa hemi- 
spheerica, Orthis caUigramma, BhynchoneUa deccmplicata, with some Pen- 
tameri. They are surmounted by reddish and lightish grey sandstones 
and grits in which Pentameri abound, particularly P. liratus and P. lens, 
with Atrypa reticularis, Strophomena pecten, and S. arenacea ; and these 
Upper Llandovery strata, occupying the dome and summit of the hill, 
throw off certain grey flagstones to the west. Now most of the species 
in these higher beds belong unquestionably to the Wenlock group : and 
such ought to be the case ; for the upper flagstones in question pass up 
directly into strata constituting the true base of the Wenlock formation, as 
seen near Dursley Cross. 

Among these fossils are Petraia bina, Palesocyclus porpita, Ilalysites catenu- 
larius (the Chain-coral), Comulites, Encrinurus punctatus, Pentamerus oblongus, 
P. lens, Orthis caUigramma and O. hybrids, Strophomenafimiculata and S. pec^n, 
Pterinea retroflexa, Mytilus mytilimeris, M. ovalis, Atrypa tumida, Bhyncho- 
neUa borealis, Euomphalus funatus, Bumastus Barriensis, Phacops caudatus, and 
Beyrichia tuberculata or Kloedeni. 

On the other hand, the foUowing species in these same beds and those of 
Huntley HiU never rise into the Wenlock shale : viz. Atrypa hemisphaerica, Pen- 
tameri (two species), BhynchoneUa fiircata, Strophomena compressa, Tentacu- 
Utes angUcus, Petraia subdupUcata, and lituites comu-arietis. The last-men- 
tioned fossil occurs in rocks of this age at Presteign, and has, indeed, been 
previously described as a Caradoc or Bala form. 
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As above said, we see that between this Pentameros rock and all the 
inferior strata there is a greater hiatus even than on the west flank 
of the Malvems. Infinitely less, in short, does the May HiU Sandstone 
exhibit any feature of that close relationship with the lower deposits 
which is evident in the environs of Llandovery and Uandeilo. 

Tortworth, the Lickey, ^c . — ^The same north and south anticlinal which is 
apparent in May Hill and Huntley Hill, is continued southwards with a 
bend to the east at Pyrton Passage ; and, crossing the Severn, it passes into 
the remarkable tract of Tortworth, where the Silurian rocks, emerging from 
beneath the Old Red and Carboniferous formations, have been long known 
to geologists. There, the elevation of the axial line being less considerable 
than in the Malvems or at May Hill, the oldest rock visible is the Upper 
Llandovery sandstone with much trap-rock ; and, occupying a large area, it 
is seen to be immediately surmounted by the Wenlock formation with two 
courses of limestone and feeble representatives of the Ludlow rocks*. 
(For details see Sil. Syst. chap. 34.) 

The most eastern tracts in England where the Upper Llandovery rock 
has been raised to the surface are the Lower Lickey HiUs in Worcester- 
shire, and near Barr in*Staffordshire, at both of which localities that rock 
supports the base of the Upper Silurian deposits of the adjacent tracts of 
Dudley and Walsall. At the Lickey, low heathy hois are chiefly com- 
posed of quartz-rocks, lithologically identical with those masses on the 
flanks of the Caradoc and Wrekin which have been formed by the fusion 
of sandstone. The Lickey quartz most probably owes its character to a 
similar cause, though in this case the igneous agency has not found issue 
at the surface in the form of trap-rock, aa at Dudley further north, or in 
Shropshire, where such igneous rocks are rife upon a similar axial line. 
In other words, the Lickey quartz lies upon a line of former emption. 
On its flank this rock graduates into an ordinary grit or sandstone, in 
which Pentamerus lens occurs, and thus all doubt of its age is removed ; 
whilst, just as in the other tracts above mentioned, this hard, siliceous 
sandstone, particularly on its eastern and southern parts (Colmers and 
Kendal End), is conformably surmounted by a calcareous shale with a thin 
course of limestone, which, as at Woolhope, Gorton near Presteign, and 
Old Radnor, contains Upper Silurian (Lower Wenlock) fossils. 

Evidences have now been given to show how certain portions of the 
Silurian strata are omitted in variable quantities in different districts. 
At May Hill all the Lower Silurian rocks, including the Lingula-flags, 
the Llandeilo and Caradoc formations, and even the Lower Llandovery 
rocks, are absent, the Pentamerus (Upper Llandovery) sandstone being 
there seen to repose at once on hard, unfossiliferous, slaty Cambrian rock. 

* Earl Dade, who ha« made himself completely our acquaintance with it, by collecting seTeral 
msuiter of the structure and range of the rocks of spedes of fossils unknown to me when I published 
tms implicated didriot, so large a portion of tne * Silurian System.* 
which belong to him, has also added much to 
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At the Malvern Hills the lowest zone, or the equivalent of the Lingula-flags, 
is succeeded at once by the Upper Llandovery rocks, — ^the true Uandeilo and 
the Caradoc beds being also excluded, as at May HOI. In Shropshire, or 
my typical tract, no such hiatus occurs ; for there the original Caradoc 
formation exhibits a copious series of shelly sandstones (from 4000 to 
5000 feet thick) rising from beneath the Upper Llandovery rock. 

The reader must here, however, be reminded that in the original SOu- 
rian region there are large rocky districts of Shropshire and Eadnorshire, 
like those of Shelve and Builth, in which the Llandeilo Elags are not fol- 
lowed by the Caradoc rocks. The latter formation, of such large dimen- 
sions elsewhere, has there been entirely omitted, and the older deposit of 
Llandeilo is at once covered by a thin band only of the Upper Llandovery 
sandstone, followed by the Upper Silurian shales. In those cases, it is 
manifest that powerful, but limited and local, oscillations of the sea- 
bottom have taken place, by which the black muddy sediment, with its 
Trilobites and Shells, was raised up to constitute the Llandeilo Flags, and 
was placed beyond the influence of the waters under which the true 
Caradoc sandstones were accumulated in many other districts. Yet the 
older Llandeilo rocks, so elevated, were again depressed beneath the sea, to 
receive on their upturned edges the accumulations of the Pentamerus 
band and the overlying Upper Silurian series (see sections, p. 59). 

The geologist who reasoned from such phenomena only, might be led 
to believe that a general break had occurred in the heart of the Lower 
Silurian rocks, or between the Llandeilo and Caradoc formations ; but in 
this he would greatly err, for no such hiatus exists over a large region of 
Wales. On the contrary, by extending our observations, we find that the 
absence of the great Caradoc deposit in two or throe tracts is, after aU, 
a local phenomenon, inasmuch as we recognize the spread of that forma- 
tion over a wide region of the Principality, where it lies symmetrically 
upon the Llandeilo rocks. 

When the Upper Silurian rocks shall have been described, two synoptic 
tables will be placed before the reader, — one showing the omissions of certain 
strata in some tracts and their full sequence in others, the other being a 
generalized table of the whole. In the meantime let us remember that, 
whatever may have been the amount of disturbance of the ancient sea- 
bottom at the conclusion of the true Caradoc deposit, there are districts both 
in North and South Wales where no signs of such movements can be de- 
tected, but where all the sediments, from the Llandeilo, through the Cara- 
doc, to the Lower Llandovery rocks inclusive, seem to have succeeded each 
other quietly, or at all events without exhibiting any rupture in their 
succession. Above all, it is to be recollected that, whatever may have 
been the amount of physical disturbance between the lower and the upper 
member of the Llandovery rocks, the organic remains of that formation 
unquestionably connect it with the Lower as well as the Uppei^Silurian 
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rocks^ and thus display a transition from the inferior strata of which we 
have taken leave, into those overlying deposits whose structure and con- 
tents we are about to consider. 


In illustration of the conformity to the Lower Silurian of those Upper 
Llandovery rocks which were formerly classed with the Caradoc Sandstone, 
but were subsequently determined by their organic remains to pertain to 
the base of the Upper Silurian, three sections are here offered. 

In the first edition of this work, certain sections and their descriptions, 
as taken from the publications of the Geological Survey, though perfectly 
correct in delineating the physical data, required a different terminology. 

On the revision of a large region of Wales by Mr. Aveline, under the 
direction of Professor Ramsay, the following points were readjusted. In the 
first of these diagrams, the title was changed from ‘ Uandeilo schists 
supporting Caradoc sandstone,’ into the Caradoc formation (a), supporting 
Tarannon shales (6) and Denbigh grits (r),” — the last-mentioned being 
known to contain Wenlock fossils, and therefore classed as Upper Silurian. 


Caradoc or Bala Formation supporting conformably the Tarannon Shales and 
Denbigh Grits. (Horiz. Sect. Geol. Survey, No. 35.) 



a. Caradoc or Bala formation with thin courses of limestone, h. Tarannon shales or 
pale slates, c. Denbigh grits and shales of Wenlock age, lying in perfect conformity 
on the pale slates. 

The slaty cleavage is partially represented by white lines. The dark traversing lines 
are faults, #, whereby the Upper Caradoc beds are lost. 

In this rectification the reader will see how important is that separation, 
of the Caradoc (Bala) from the Landedo formation, which has been so 
fully explained in the preceding pages. 

In the next section, the lowest beds visible are simply the Tarannon shales 

Borders op Radnor and Montgomery. (Horiz. Sect. Geol. Survey, No. 27.) 
N.W. S.E. 



h b 


b. Tarannon shales or pale slates, c. Denbigh grits, with grey and blue schists. 
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or pale slates (6), which in Wales occupy an intermediate space between the 
Llandovery rocks and the unquestionable Upper Silurian, — ^the overlying 
grits and shales, c, like those of the previous section, forming the base of 
the Upper Silurian, Again, in the third section, we have before us the 

Radnorshire, S. op Llanbister. (Horiz. Sect. Geol. Survey, No. 27.) 

N.W. S.E. 


h, Tarannon shales (pale slates), c. Denbigh grits, &o. d, Wenlock shale in its 
ordinary characters. 

true Wenlock shale, d, above all the masses exhibited in the previous 
sections. 

The Tarannon shales, occasionally of hard, slaty character, and of 
various colours (in some places so pale a grey as to have been termed 
‘ pale slates,’ in others of purple colour), have been shown by Mr. Jukes 
and Mr. Aveline to form a geological band of great persistence, which, 
beginning, according to the last-mentioned surveyor, in small dimensions 
near Llandovery, expands in its course through Radnor and Montgomery, 
and in North Wales becomes an important subdivision. It is largely and 
clearly exhibited near New Bridge, and at Tarannon, between Uanbryn- 
maer and Llanidloes in Montgomeryshire. Fossils are rare, and those 
which occur do not absolutely determine whether the beds should be 
classed with the Upper Llandovery rocks we have been considering or 
with the Wenlock formation. In a physical and geological sense, Prof. 
Ramsay and Mr. Aveline would class them with the latter. Mr. Salter 
would rather connect them with the Upper Llandovery rocks. For my 
own part, I have only to say that they occupy the same intermediate 
place in the Silurian system, and connect the Lower with the Upper Si- 
lurian rocks. 

However this may be, the next band, c, which, from its mineral cha- 
racter, was once termed ‘ Caradoc sandstone,’ must clearly, through 
its fossils, be classed with the overlying shale, of the Wenlock forma- 
tion. The sandstone, e, is, in short, known to be a prolongation of the 
‘ Denbigh grits and flags,’ which, from their being unconformable to the 
older slates and rocks, and containing Wenlock fossils. Professor Sedgwick 
properly considered to be the base of the Upper Silurian of North Wales*. 

Among the most abundant of these fossils there is, however, one form, 
Bhynchonella decemplicata, which is also characteristic of the Llandovery 
rocks. But with it are many common Upper Silurian fossils, such as 
Phacops Downingise, P. caudatus, Spirifer trapezoidalis, CucuRella ovata, 

* Quart. Joum. Gool. Soc. vol. i. pp. 19, 21. 
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Chonetes lata, Murchisonia Lloydii, Bellerophon trilobatus, B. carinatus, 
Orthooeras annulatiim, 

In the general Table of Colours attached to the Map, these ‘ Denbigh 
grits ’ are therefore placed at the bottom of the Wenlock formation. But 
as, with the exception of parts of North Wales, where the beds are sandy, 
the Wenlock formation is eminently distinguished by its purely argilla- 
ceous base, these exceptional examples have been first disposed of, and we 
now proceed to consider the Upper Silurian rocks from their base upwards, 
as developed in the original Silurian Eegion. 
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CHAPTEE VI. 
UPPEE SILUEIAN BOOKS. 


GENERAL CHARACTER OP THE UITER SILURIAN ROCKS, AS DIVIDED INTO THE WENLOCK AND 
LUDLOW FORMATIONS. — THE WENLOCK FORMATION OP SHALE AND LIMESTONE, WITH ITS 
CHIEF FOSSILS, DESCRIBED IN ASCENDING ORDER, FROM THE SHALE WITH WOOLHOPE LIME- 
STONE TO THE WENLOCK OR DUDLEY LIMESTONE INCLUSIVE. 


Examples have already been adduced to indicate the order in which the 
Lower Silurian rocks are overlain by the higher division of the system ; 
and we have now, therefore, to consider the mineral characters and fossil 
contents of the latter as composed, in ascending order, of the Wenlock and 
Ludlow formations. 

As the older schists and slates were assuredly at one period nothing 
more than marine mud, finely laminated, so is it still more apparent that 
such was the former state of the greater portion of the Upper Silurian ; 
for even at the present day the latter is composed of materials for the most 
part similar to those of the older slates, though in a softer and less cohe- 
herent state. 

Whether these argillaceous masses be examined in the wilds of Radnor 
Forest and the east( m parts of Montgomery, in the western parts of Shrop- 
shire (Long Mountain), or in many tracts of South Wales (see Map), they 
present the uniform ‘ facies ’ of a thick, yet finely laminated, dark, dull- 
grey shale, in which hard stone of any strength or persistence is the rare 
exception. Their dominant character, in short, is that of ‘ mudstone.’ 

Ranging chiefly from S.W. to N.E., they rest conformably upon lower 
rocks, in numerous undulations Looking to the whole region in which 
these rocks are laid down upon the annexed Map (see colour No. 6), there 
are considerable tracts of North Wales where the lowest members of the 
Wenlock formation possess mineral characters which distinguish them from 
the types originally described in Shropshire and Herefordshire ; but, as the 
same fossils prevail in all such cases, geological classification is unaffected 
by the lithological variations. The base of the dej>osit in Wales often 
consists, as previously stated, of sandstones or grits, with shales and flag- 
stones, all more or less affected by a slaty cleavage. These have been 
termed ‘ Denbigh grits ; ’ but as the sandy beds thicken and thin out 

^ The strike of the same deposits varies in dif- ooal-flold (see Map). The apparently conform- 
ferent districts. Thus in North Wales the pre- able undulations of the Lower and Upper Silurian 
Tfdent strike is nearly N.N.E. to 8.8. W ; in the rooks in various parts of Wales are, inde^ re- 
Wenlock and Ludlow district it is nearly N.E. to presented in the diagrams already given, pp. 102, 
S.W. ; whilst in South Pembroke all the Silurian 103, as taken from the published Sections of the 
rooks range from W. by N. to B. by 8., in oonfor- Government Survey, 
mity with the miyor axis of the great South-Welsh 
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rapidly^ they are simply to be viewed as local features among the great 
masses of shale (4* of the Map)*. In fact, they are simply sediments 
which were sandy in the portion of a former sea that covered the tracts 
now constituting Denbighshire, and were muddy or argillaceous in more 
eastern areas. Passing, however, from such varied mineral conditions (for 
at Marloes Bay in Pembrokeshire the strata of this age are again sandy), 
it may be affirmed that usually the Upper Silurian rocks of Wales have 
been only so far affected by slaty cleavage as to leave them in that dis- 
jointed, incoherent state of mudstone (provincially ^ rotch ’), so useless to 
the mason and miner, and so cold and profitless to the agriculturist. In 
all such tracts, where the subdividing limestones are absent, or feebly in- 
dicated, it is only by close observation of the imbedded fossils that the 
formations, so clear and typical in other parts, can be recognized. 

When, on the contrary, we follow the same deposits from Wales to the 
exemplar tracts of Shropshire and Herefordshire, where the Upper Silurian 
rocks were classified, and their order, character, and fossils first described, 
we find them diversified by interpolated courses of limestone — much cal- 
careous matter being disseminated, both in nodules and in fiagstones. 

With such additions to the richness of the subsoil, so welcome to the 
proprietor, the geologist usually discovers a greater abundance of fossil 
animal remains than in the sterile siliceous or argillaceous strata, cotem- 
poraneously formed, in the western tracts ; whilst by observing the order 
of superposition, and by tracing the divisionary limestones, he reads off 
the order of the beds, and chronicles with precision the succession of their 
respective fossils. 

In this way the Upper Silurian rocks are seen to consist, as a whole, of 
the two formations to which I assigned the names of ^Wenlock' and 
‘ Ludlow,’ each of these being subdivided in the manner expressed in 
this woodcut. 


General Order op the Upper Silurian jtocKS included between the Upper 
Llandovery (May Hill) Sandstone and the Old Red Sandstone. 



c ^ f 


c. Upper Llandovery rock, occasionally a limestone, but often a pebbly sandstone. 
cT. Shale, with Lower Wenlock or Woolhope limestone. Wenlock shale. 

d^, Wenlock limestone, e^. Lower Ludlow. Middle Ludlow or Aymestry lime- 
stone. e®. Upper Ludlow and Tilestone. f» Bottom of Old Red Sandstone. 

The inferior member of the Wenlock formation, which rests on the Upper 
Llandovery rocks, c, as seen in Shropshire and parts of Wales, is chiefiy a 
mass of dull, argillaceous, dark-grey shale, rarely if ever micaceous, and 

* Although the Denbigh grits are marked in the by implied, — the strata defined by the letters a, ft, 
Map aa 4s, to distim^uian them from 4b, the Wool- cheing simply lithologioal varietieB of the lower 
hq;>e limestone, ana 4c, Wenlook shale, the reader portion of the Wenlock formation usnallydeTe- 
is not to infer that any difference of age is there- loped as shale. 
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agreeing with the pale slate before alluded to. Strictly speaking, there is 
no continuous band of limestone subordinate to the lower shale, d}, below 
the escarpment of Wenlock Edge in Shropshire, the rock to which atten- 
tion is first called being there merely represented, as also in some other 
tracts, by a few calcareous nodules and bands of sandstone, 

In following these deposits from Shropshire into Herefordshire, the great 
limestone, d, above the shale, is already found, on the banks of the 
Lugg, west of Aymestry, and not more than ten miles from the Wenlock 
Edge, to be diminished to a thin irregular stratum, chiefly concretionary. 
Further to the south-west, and in Radnorshire, the lime disappears entirely 
amid the mass of mudstones ; but to the south of Presteign an inferior 
course of limestone is interpolated in the lowest part of the Wenlock shale. 
This rock, d} of the diagram, and which has been alluded to in the last 
chapter, merits special attention. 

Lower Wevdock or Woolhope Limestone , — ^An examination of the old 
quarries at Gorton, one mile south of Presteign, shows that this limestone 
is fairly subordinate to a black shale, which rests on the Llandovery grit 
and conglomerate before described. This superposition is delineated in the 
following diagram. 

Lower Wenlock Limestone at Corton, near Presteign. 

S. N. c. Coarse pebbly grit, known 

here as ‘Corton grit,* with 
Pentamerus oblongus &c. 
d, Wenlockshale with Wool- 
hope or Lower Wenlock 
limestone, q. Gravel of the 
Valley of Presteign. 

To the south of Corton lies the large and loftier rock of Nash Scar, 
formed of the same limestone, which, whether thick-bedded or nodular, 
has been fused into one subcrystalline mass, the stratified character 
having been destroyed, and the shale, once associated with the limestone, 
obliterated, as expressed in this diagram t. 


Altered Limestone op Nash Scab. 

(From Sil. Syst. p. 313.) 

S. N. 



c. Arches of Woolhope limestone and shale, followed by amorphous or altered 
limestone, o. Caverns. 


t The rocks of Nash Scar and Old Badnor are they are of high value to the Welsh proprietors 
the only masses of limestone in this region ; and the lime being transported to great mstanoes 
as there are no other calcareous rooks worth bum- westward (see Map), 
mg to lime between this distriotand the sea-ooast, 
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In tracing the strata southwards along this axis, other masses of lime- 
stone, more or loss amorphous, are seen near Old Radnor, which, in pro- 
portion as they approach the eruptive masses of Stanner and Hanter Rocks, 
and Worsel Hill, or the highly metamorphosed rock of Old Radnor and Yat 
Hill, are themselves subcrystalline, and unbedded, with coatings of serpen- 
tine upon the surfaces of the joints. On the contrary, in receding west- 
wards from that line of eruption and metamorphism, into the Yale of Rad- 
nor, to the south-east of Harpton Court ♦, the limestone begins to resume 
its bedded character, resting on the Llandovery conglomerates which range 
by Old Radnor church and Yat Hill. Whilst the following section, taken 
from one of the coloured sections of the Government Survey, exhibits the 
syenite and greenstone of Hanter Hill throwing off the Ludlow rocks to 
the south-east, it is also suggestive of the belief that another body of ig- 
neous rock lies subjacent to the conglomerate and crystalline limestone of 
Old Radnor and Yat Hill, where the coatings of serpentine and brecciated 
and altered features of the stratified rocks are, in the eye of the geologist, 
conclusive evidences in favour of such relations. 


N.W. Yat HiU. Hanter Hill. S.E. 



* cd} ^ d‘^ e 


e. Ludlow rocks. cP. Wenlock shale, rfh Woolhope or Lower Wenlock limestone ^ 
(partially altered, with serpentine faces), c. Tipper Llandovery, in paorts altered. * 
* Eruptive rocks (syenite, greenstone, and hypersthene rock). 

The eruptive rocks of this tract are highly picturesque ; and as they offer, 
in a very small compass, phenomena which characterize large mountain- 
masses, a sketch of them is annexed. The spectator is placed at the south- 
eastern foot of Stanner Rocks, near Kington, which are charged with hy- 
persthene : this mineral, though common in some foreign countries, and 
abounding at Loch Scavig, in Skye, has hitherto been found in one other 
British locality only. 

The greater expansion of the Lower Wenlock or Woolhope limestone in 
Radnorshire, as compared with that of the few nodular strata of the same 
age in Shropshire, must doubtless have been in great measure due to the 
larger amount of the original calcareous deposit, the nature of which is still 
visible in the old quarries near Presteign. The amorphous, massive, and 
crystalline condition, however, of the same rock at Nash Scar and Old 
Radnor, was, we cannot doubt, caused by the action of heat issuing along 
a line of fissure, which, emitting the igneous rocks of Stanner, Worsel, and 

* The seat of my esteemed friends the late Sir gratification. The accomplished father passed 
T. Frankland Lewis, and his eminent son, the late aw^ when somewhat ripe in years ; and the fame 
Sir G-eorge Oomewall Lewis : the latter first urged of the illustrious statesman, who was taken from 
me to put together all my geological records of us in the summer of his days, is commemorated 
this region, and form the work called the ‘ Silu- lyr a monument at New Baonor in the heart of 
rian System.' The many happy days I passed in the Silurian B^ion. 
their company are remembered by me with true 
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Hanter, fused the strata into huge amorphous masses, and left filma of ser- 
pentine on the faces and joints of the altered limestone. 



Hanter. WorseL Btanner Books. 

View prom Stanner Rocks (Worsel Wood, Hanter Hill, and Herqebt Ridge 
BEING successively SEEN IN THE DISTANCE). (From Sil. Syst. p. 311.) 


Nearly all the fossils which have been found in the limestone of this tract, 
whether by Mr. Edward Davis, who discovered most of them, and specially as- 
sisted me in studying them, or subsequently by the Government Geologists, are 
true Wenlock and Upper Silurian forms. 

Some of these, such as the Trilobites Bumnstus Barriensis, Phacops caudatus, 
and Encrinurus variolaris, with the Shells Leptsena laevigata and Acroculia pro- 
totypa, large Encrinite stems, and several Corals, are well-known published 
fossils of the limestones of Wenlock and Dudley * ; and in addition to these, 
even the Pentamerus Knightii has also been found, which, as will hereafter be 
stated, is a marked fossil of the overlying Ludlow formation. With these, 
however, two fossils have been found which usually belong to a lower horizon, 
— ^the Atrypa hemisphserica and Staurocephalus Murchisoni, the former being 
abundant in the Llandovery rocks, whilst the latter is even a Oaradoc or Bala 
species. 

Lower Wenloch at Woolhope near Uerefordy the Malvern Hills, May 
Hill, ^c , — Let us now consider the character of the lowest calcareous 
member of the upper Silurian rocks exhibited in the centre of the most 
symmetrical valley of elevation in the British Isles, or that of Woolhope 
in Herefordshire. There the limestone in question, as seen in the follow- 
ing diagram, forms the exterior coat of a central dome, c, in which the 
summit of the Upper Llandovery (May HiU) sandstone is barely visible, 
and from which the Woolhope limestone, d}, dips away on all sides, to pass 

* Sil. Syst. p. 813. 
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Sbction across the blbvatbd Vallbt of Woolhopb. (From Sil. Syst.) 
W.S.W. HaaghWood. Devereux Park. Seager HilL E.N.B. 



c. Upper Llandoveiy rock. d}. Woolhope or Lower Wenlock limestone and shale. 
dP. Wenlock shale, d, Wenlock limestone, e'. Lower Ludlow, Middle Ludlow, 
or Aymestry limestone, Upper Ludlow. /. Old Red Sandstone (base of). 


under the Wenlock shale, with its chief limestone, c?® ; whilst these 
again plunge under the Ludlow rocks, e, and Old Eed Sandstone,/, as dis- 
played in this diagram. In short, the student has here before him, on 
either side of the central dome of Haugh Wood, a full exposition of all the 
Upper Silurian rocks from their base to their summit. 

The phenomena of this most remarkable elliptical mass (see Map), insu- 
lated and raised up through a great area of overlapping Old Eed Sandstone, 
were first described in the ‘ Silurian System,’ and have since been given in 
stiU greater detail by Professor Phillips. The term * valley of elevation ’ 
does not convey an adequate idea of this wonderful geological scene ; for 
within the encircling ridge of Ludlow rocks, e®, there is one paraUel sur- 
rounding valley in the Ludlow shale, and another in the Wenlock 
shale, d^, or between the ridge of Wenlock limestone, d^, and the Woolhope 
limestone, Thus, by the elevation of the various strata aroimd a com- 
mon centre, and by the subsequent excavation of their softer members, the 
hill or dome of Haugh Wood has been left, by natural causes, as if it were 
a huge artificial intrenched camp with two encircling moimds and two 
circumfluent valleys. 

One of the most striking features for the consideration of the geologist 
is, that neither the central dome nor the surrounding ridges, including the 
outer encircling ring of Ludlow rocks, offer a trace of drifted matter or 
gravel, or even any remnants of the various strata which must, in the pro- 
cess of elevation, have been at first bent over in the form represented by the 
dotted lines, and afterwards demolished. AE the debris resulting from the 
destruction of this once great solid mass has therefore been swept out, the 
tract being one of clean denudation. Another striking example of a similar 
phenomenon, and which clearly demonstrates the intensely powerful agency 
of former geological causes, is seen in the heart of the Ludlow promontory 
(p. 124). This phenomenon will be dwelt upon in the concluding chapter*. 


» The best mode of examining the Woolhope 
Valley tract is to enter it by Mordiford, through 
the only considerable opening by which the waters 

escape the interior of the valley, and, mount- 

inff to BacWiury Camp, walk along the outer 
l^e of Lu^ow rooks, leave the magnificent Park 
of Btoke Edith on the left and Devereux Park, 


both the prope^ of Lady Emily Foley, on the 
right ; and passing along tne crest of Seager Hill, 
thence cross the valley by Woolhope to Pown- 
hope, and there rejoin the carria^-road. For de- 
tails, see * Silurian System,* with enlarged Map, 
&c., p. 427. 
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, It is on the outside of the inner dome of these symmetrical elevations 
that the Lower Wenlock zone, as above shown, is most clearly exposed. 
Having been raised equably on the outward face of the dome of Haugh 
Wood, the nature of the calcareous deposit can be seen in detail on the 
sides of the roads, whilst the best limestones, which have been largely 
opened out since I described the tract, afford numerous fossils unknown 
when the ^ Silurian System ’ was published. 

In ascending order, the beds may be thus described. The top of the central 
dome of Woolhope, c, with its transition beds, is a greenish, earthy, calcareous 
sandstone, containing the following fossils, as described in the last chapter on the 
Llandovery rocks: — Pentamerus lens, Atrypa reticularis, Petraia bina. This 
course is followed by shale with calcareous gritty flagstones, containing the large 
Pentamerus liratus, Foss. 15. f. .3 (p. 90), and in the more nodular portions abun- 
dance of Leptasna transversalis and Atrypa reticularis. Layers of an impure 
earthy limestone succeed, containing Strophomena depressa, a species which, 
though occurring in the Lower Silurian rocks of North Wales, becomes much 
more abundant in the Wenlock formation. 

In the next overlying bands of shale, we pass fairly into unequivocal Upper 
Silurian. In these, calcareous matter so increases as to form strong beds of dark 
indigo-coloured, argillaceous limestone, which is characterized by cross veins of 
pink and white calcareous spar. The strongest bed (about 10 feet thick) is a 
tough, impure, earthy limestone, largely extracted for the roads ; and it is again 
covered by a stratum of purer limestone, followed by shale with an upper bastard 
limestone. Now, although the whole of the calcareous courses of this subfor- 
mation have no greater maximum thickness than from 30 to 40 feet, still the rock, 
together with its interpolated beds of sandy shale, is seen to occupy a very great 
surface on the annexed Map, from its being so equably spread out at a low angle 
of inclination. Among .the chief fossils of this limestone, which I have collected 
on the spot, are the two Trilobites of the following woodcut, viz. Bumastus Bar- 
riensis, Foss. 17, f. 2, and Ilomalonotus delphinocephalus, f. 1. There are also 
Phacops caudaius, Cornulites serpularius, Orthoceras annulatum, a species of 
Phragmoceras, Euomphalus sculptus, Spirifer elevatus, Strophomena imbrex, S. 
pecten, S. depressa, Leptiena transversalis, Orbiculoidoa Forbesi, Atrypa reticu- 
laris, Bhynchonella Wilsoni &c., and rarely Orthis elegantula. 

Fossils (17). Tbilobites op Lower Wenlock or Woolhope Limestone. 


1. Homalonotus delphi- 
nooephalus, Green. 

2. Bumastus Barriensis, 
and profile of the head. 


These figures are about 
one>third me natural size. 



Here again, as in Radnorshire, we have a great predominance of tme 
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Wenlook fossils, and one (the Rhynchonella Wilsoni) which, as we shall 
presently see, is most abundant in the highest Silurian division, or Ludlow 
rocks ; and thus in their relative position as well as in their fossils, the 
Woolhope and Badnorshire limestones are identical. 

The Silurian formations which range from the Malvern Hills and the 
Woolhope district to May and Huntley Hills in Gloucestershire exhibit the 
same general order of succession, accompanied, however, by modifications 
of the lithological and zoological distinctions of the lower member of the 
Wenlock formation, which it is right to notice. Instead of being the com- 
pact, hard, tough, and strong-bedded rock of Woolhope, it becomes on the 
western fiank of May Hill a group of nodules and very irregular courses 
disseminated in shale, simply forming a rather more calcareous base of the 
Wenlock shale than what is seen under the Wenlock Edge and other places 
where similar nodules occur. At May Hill, as already shown, there is, 
indeed, an upward development from masses of Pentamerus (Upper 
Llandoverj") sandstone beneath, into a series of interlaminated sandstones 
and shale, which assume, to a great extent, the fossil characters of the 
Lower Wenlock. In no portion of Britain, therefore, are the two forma- 
tions of Upper Llandovery rocks and Wenlock shale better linked together 
than in the Malvern and May Hill region. 

In the Malvern district the Woolhope limestone may be studied north 
of Storridge Farm, and north of Crumpend Hill, also at ‘ Ballard^s quarry,’ 
near the Wych. Dr. HoU remarks also upon an interesting fault on the 
road from West Malvern to Mathon Lodge, which passes obliquely over 
both ends of the Woolhope limestone, so as to make it appear that there are 
two beds of limestone at this spot”*. It may also be seen in the picturesque 
valley of Netherton near Eastnor, dipping away from the Upper Llandovery 
beds of the Obelisk hill under the Wenlock shales and limestones. 

Mr. Symonds records a great thickness of shales, which he calls ‘ Wool- 
hope shales,’ as intercalated, in the Malvern tunnel, between the Llandovery 
rocks with Pentameri and the Woolhope limestone (the position of the 
Tarannon shales of the Government Surveyors). They are perfectly con- 
formable to the Llandovery beds and the overlying Woolhope limestone. 
Dr. Grindrod obtained from them a fine series of Trilobites and Shells, 
many of new species f. 

This tract, so elaborately described by Professor Phillips, was also care- 
fully studied by Sir Henry De la Beche himself, when the line of demarca- 
tion between the Lower and Upper Silurian rocks fixed upon by the 
Government Surveyors was made the same as that which had been origi- 
nally suggested in the ‘ Silurian System’ On the west fiank of the North 
Malvems, the sandstone with Pentamerus oblongus passes upwards into, 
and is interlaced with, subcalcareous bands, in which, as before said, these 

* Quart. Joum. Geol. Soo. toI. xxi. p 96. t Quart. Joum. Geol. Soo. voL xvii. p. 168. 

I See Bil. Byst. p. 442 et seg. 
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shells are mixed with others essentially Wenlock. After lucidly exjdain- 
ing how such transitions harmonize with well-understood operations in 
nature, and that in this locality there is no firm and hard boundary be- 
tween the inferior and superior strata, Professor Phillips thus writes : — 

As a general result, it is quite evident that the successive changes of or- 
ganic forms, as they are exhibited to us in the successive groups of strata, 
are Aot simply dependent on the lapse of time, nor explicable as a Series 
developed in proportion to the time, unless we survey the phenomena over 
very wide areas, and include in the comparative terms geological periods 
long enough to neutralize the influence of peculiar physical conditions. 
These,” he truly says, “ on account of their local origin, limited area of 
effect, and recurrence at indifferent periods, have at almost every geogra- 
phical point, at some epoch or other, ])roken or mingled the series of or- 
ganic life ” This is and has long been my belief, as founded on exten- 
sive observation. 

A limes ton<^ subordinate to shale, and bearing precisely the same relations to 
a subjacent sandstone as that of the localities above cited, occurs on the western 
and south-eastern flank of the Ijower Lickey Hills in Worcestershire. There 
the Silurian rocks consist of Ptmtninerus sandstone, overlapped on its edge by 
shale, in which are courses of limestone (at Coliner’s End), the whole having 
been thrust up as an irregular dome through the overlying coal-measures and 
red sandstone. Again, in the adjacent tract near Walsall, and between that town 
and the Harr Beacon, the same Lower Weulock or Woolhope limestone, long 
worked at the Hay Head, dips aw'^y from a point of similar sandstonef, to pass 
at a gentle angle of 8^’ or 10° under the great body of the shale with its cal- 
careous nodules and numerous small fossils, the whole being covered by the 
thick or chief limestone exhibited in the great quarries of Walsall. The rock 
contains nearly all the fossils found at Woolliope, and notably Biimastus 
Barriensis, Foss. 17, p. Ill , named from the adjacent village, and called by fossil- 
collectors the ‘Barr Trilobite,’ together with many forms common to the whole 
formation,, including Orthocerata and Corals J. 

In this way proofs have been obtained that a limestone the real place 
of which was indicated in several detached districts us being inferior to the 
great mass of shale, is by its fossils the lowest calcareous member of the 
Wenlock formation. 

Wenloclc Shale , — The shale, which is infinitely the largest and most 
persistent member of the Wenlock formation, occurs both below and above 
the Woolhope or lower limestone, — the latter being absent in many tracts, 
and in others represented solely by a few small elliptical and round con- 
cretions of impure and earthy limestone. The pure shale is well exposed 

* See Memoirs of the Geological Survey of of the sediments and other conditions of the 
Great Britain, vol. ii. p. 75. This line of thought habitnts of the marine animals now fossilized, 
is admirably earned out by Dr. Bigsby in liis t Mr. J ukes indicated to the Geological Society 

memoira on the Silunan rocks and fossils of the the exishmee of this point of sandstone. See also 
State of New York, W ales, &c., Quart. Joum. G eol. his excellent detailed Survey of this district, Re- 
Soc. Lond. vols. liv. & iv., where he works out the cords of the School of Mines, vol. i. pt. 2. p. 240 
stotistios of genera and species as to their succes- He is now preparing a third e^tion of this me- 
mon, recurrence, and extinction, and of the dis- moir. 
tribution in connexion with the mineral characters J See Sil. Syst. p. 488. 
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on the banks of the Severn, near Coalbrook Dale and the Iron Bridge, 
where it is called ‘ Die Earth and is thence to be followed £ill along the 
escarpment of Wenlock Edge, occupying a broad valley of denudation, 
called Apes Dale, between that ridge and the Caradoc. In the Malvern 
and Woolhope districts it is also a mass of finely levigated argillaceous 
matter, the lower part of which is more calcareous than in Shropshire, and 
in parts sandy and gritty. Near Malvern, where the shale is in parts 
highly charged with fossils, particularly the small Brachiopoda figured in 
PI. XXII., Professor Phillips estimates its thickness at about 640 feet. In 
some parts of Wales the Wenlock shale is as incoherent as in the adjacent 
English counties ; but in Denbighshire, as before said, it is represented by 
hard slaty sandstones and schists. 

The prevailing fossils of the Wenlock shale, exclusive of Trilobites and 
Corals, which are chiefly species unknown in the lower deposits, are 
Brachiopods of the genera Leptacna, Orthis, Strophomena, Atrypa, and 
Ehynchonella, mostly of small size. In a general way the fossils of this 
stratum, the chief of which are given in Plates XX. and XXII., are the same 
as those of the overlying limestone. Among them, however, are several 
common to this deposit and the Lower Silurian roclcs, such as Orthis ele- 
gantula (so abundant in the slates of Snowdon), Strophomena pecten, S. 
depressa, Atrypa marginalis, A. reticularis, and Spirifcr plicateUus, 
Most of these Lower Silurian forms have indeed a much greater vertical 
range, and pass upwards through the Wenlock high into the Ludlow 
formation. 

Orthis biloba of Linnaeus, 0. hybrida, and the large, flat Orthis rustica are 
characteristic shells, as well as Leptaena laevigata, L. transversalis, Pentamerus 
linguifer, Athyris tumida, Ehynchonella rotundata, E. depressa, E. Stricklandi, 
E. deflexa, and E. sphaerica, and, in more western tracts, E. navicula. 

Aviculae, Ctenodontae, and some other bivalve Shells occur frequently ; but 
few of them are characteristic except the Cardiol a interrupt a. Of spiral Shells, 
Euomphalus funatus and E. alatus, Pileopsis haliotis. Turbo (?) cirrhosus, Bel- 
lerophon Wenlockensis, with B. dilatatus, are the most common. The Pteropod 
Mollusks Theca Forbesi and T. anceps are not scarce. Certain Orthocerata, 
such as Orthoceras annulatum, 0. filosum, and O. augulatum, are rare ; but many 
of the thin-shelled species, O. subundulatum, O. primtevum, and others abound 
in these muddy sediments. They are almost the only shells in this formation 
as it is exhibited in Denbighshire and other parts of North Wales, and occur 
there in the greatest abundance. Phragmoceras of one or two species, and cer- 
tain Lituites, e. g. L. articulatus, L. Biddulphi, and occasionally L. giganteus, 
are conspicuous forms ; but the two last-mentioned genera are not commonly 
met with. 

Of Trilobites, Encrinurus punctatus and E. variolaris, Calymone Blumenbachii 
and C. tuberculosa, Phacops caudatus and its variety P. longicaudatus, are cha- 
racteristic ; but one of these, the Calymene Blumenbachii, is known in the rocks of 
Snowdon. The genera Trinucleus, Asaphus, and Ogygia are never detected even 


Bo called beoanae this stratum lies beneath all the niining-f^round. 



Chap. VI.] 


THE WENLOCK LIMESTONE. 


115 


in the lowest part of the Wenlock group, these forms being essentially character- 
istic of the Lower Silurian rocks. Comulites serpularius, PI. XVI. f. 6, and other 
Annelides are sometimes found, as well as stems and portions of Encrinites, 
though the perfect fossils are very rare in the typical region. With respect to 
Corals, it may be stated generally that they are the same as those of the Wen- 
lock limestone, but fewer in number, — ^the Cup-corals Cyathophyllum, Om- 
phyma, &c., with Favosites alveolaris, and Stenopora fibrosa, being the most 
conspicuous. Graptolithus priodon, which is a most abundant and characteristic 
fossil of the Wenlock shale, has been already figured as occurring in the Lower 
Silurian rocks, Foss. 12. f. 3, and PL XII. f. 1, 2. 

WenlocTc Limestone . — The upper member of the formation is a lime- 
stone, usually of lighter grey colours than the lower calcareous band 
already described under the name of Woolhope or Lower Wenlock. Al- 
though it is in every respect identical with the well-known limestone of 
Dudley, I named the rock after the sharp rectilinear ridge of Wenlock 
(see Map), because its relations to inferior and superior deposits are there 
better seen than in any other part of the British Isles, as exhibited in this 
sketch. 


Wenlock Edge. 



Wenlock Edge, ah seen from the Hills of overlying Ludlow Rock 
ON THE S.W. (From Sil. Syst.) 

The Valley of Apos Dale, 1, on the extreme left, is in tho Wenlock shale. The linear 
ridge, 2, is the liuiestone of Wenlock Edge, dipping under the higher ridge, 3 , of 
Ludlow rocks, which also occupy the foreground. 

The Wenlock limestone consists of thick-bedded, grey, subcrystalline 
limestone, very rarely of light-pink colour, and in parts argillaceous. In 
other parts of the Wenlock Edge, the rock is more crystalline ; and where 
varied colours prevail, the matrix being charged with Encrinites and Corals, 
it forms a pretty marble, though the slabs are of no great dimensions. 
The mass is essentially of a concretionary nature, and thus differs much 
from the flat-bedded Lower Wenlock or Woolhope limestone, being for 
the most part marked by nodules of small size. Occasionally, however, 
the concretions are large, and are then locally termed ‘ hailstones.' 

This limestone is underlain and overlain by shale of pale-grey and 
greenish tints, copiously charged with small nodules of argillaceous lime- 
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stone, of very irregular persistence. The ‘hailstones’ (some of which 
near Wenlock have a diameter of 80 feet), being more crystalline than the 
nodules or ‘ bumbles,’ have been quarried out as the best flux for the 
smelting of iron ; and their extraction has left caverns in the quarries, as 
shown in this woodcut. 



OiiD Quaukikh in thk Wknlock Limestone. 

The dark cavities indicate the places from which the ‘ ballstones,’ or best crystalline 
limestone, have been extracted. The fossils chiefly occur in the surrounding layers 
of impure earthy limestone and shale. 

But though very thick near Wenlock, this limestone thins out so rapidly 
in its range to the south-west, that even in the interior of the Ludlow pro- 
montory, as displayed in a diagram to be afterwards given, it is represented 
by thin courses made up of smfiU concretions only ; and on the banks of the 
River Lugg, west of Aymestiy*, it is merely represented by a few con- 
cretions, varying in size from 2 inches to 2 feet, but still full of beautiful 
and characteristic Corals. Thinning out entirely in Radnorshire, it is 
scarcely to be recognized throughout the counties of Brecon, Carmarthen, 
and Pembroke, its place being only marked in the cliffs of Marloes Bay, 
west of Milford Haven, by some fossils and a small quantity of impure 
limestone immersed in grey and sandy shale. 

In the districts of Malvern, Woolhope, May Hill, and Usk, however, 
the Wenlock limestone is copiously and instructively developed ; and in 
numberless natural sections and quarries exhibits characters similar to 
those which it possesses in Shropshire. On the west flank of the Malvems, 
where in the Ridgeway of Eastnor Park it assumes the same linear out- 
line as at the Wenlock Edge, the limestone is estimated by Professor 

* In both of these localities the Wenlock lime- racteristic corals and other fossils figured in the 
fUme was flrat traced by my friend the Rev. T. T. * Silurian System.’ 

Lewis, who liberally gave to me many of the eha- 
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Phillips to be 280 feet thick. There, in the flexures extending to Ledbury, 
it is admirably exposed, in connexion with the overling Ludlow formation 
(see section, p. 95). At Woolhope it forms the encircling ridge between 
two parallel valleys, the one in the Wenlock shale, and the other in the 
Ludlow shale (see section, p. 110). In fact its ridge-like character is a 
necessary consequence of the superior hardness of the rock, in relation to 
the adjacent soft, argillaceous masses. 

To the north of the towu of Dudley, this limestone rises up into domes 
called the Castle Hill and Wren’s Nest, which, with other, smaller elevations, 
have been protruded from beneath the surrounding coal- strata. The Castle 
Hill is in the accompanying woodcut represented to the left hand of the 
spectator, who is standing on the slopes of the Wren’s Nest, and looking 
southwards over the town of Dudley to the hiUs of basalt near Rowley. 



Castle llilL Kowley Hills. Hiigley Hills. 

Dudley, from the Ween’h Nest. 

(PVom a Drawing by Lady Murchison : 8il. Syst. p. 4S0.) 


As the signs of violent igneous action and dislocations of the strata are 
ajiparent, both in tlie subterranean works of this rich mining tract, and 
near the various outbursts of basaltic and trapptsan rocks which have been 
extruded to the surface (Rowley and Pouk Hills, (tc.), it is fair to infer 
that these domes were thrown into their inflated and arched form by sub- 
terranean forces of expansion ♦. The Wren’s Nest and Castle Hill thus 
exhibit on each of their opposite sides two courses of a limestone which, 
from its superior quality, has been worked out, first in open quarries and 
afterwards by deep galleries. The annexed diagram, exhibiting a section 
through the Wren’s Nest, shows how the two bands of the best limestone, 

* See the account of the igneous rocks of this account of these trap-rocks in the Geol. Mag. 
district, Sil. Syst. p. 496. First described by Mr. No. xix. p. 23 ; and Report Brit. Assoc. 1866, Trans. 
Keir and others, and subjected to erijeriments by gect p. 53. The descriptions of these and other 
Mr. Gregory Watt, their subterranean relations phenomena connected with thereupon around Dud- 
to the strata have since been ably e^lained by ley are given in detail by Mr. J.Beete Jukes, Re- 
Mr. Blackwell of Dudley. Sec also Mr. D. Forbes's cords of the School of Mines, vol. i. pt 2. p. 237. 
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c?®, have been extracted, leaving only a few arehes for support ; whilst the 
other beds, consisting of impure and nodular earthy limestone with much 


Skctfox across tiik When’s Nest. 
(From Sil. Syst. p. 484.) 



e d' d' d^e d^ e* 


dK Lowest Wenlock shale (place of Woolhope limestone ?). d^, Wenlock shale. 
dK Two bands of limestone separated from each other by ‘bavin,’ e. They are 
represented by the white spaces, from which the best limestone has been quarried, 
leaving only arches of support, c*. Overlying ‘bavin’ or shale, passing up into 
Ludlow rocks. 

shale, locally called ‘ bavin,’ thus form the framework of the hill. The 
dotted arch indicates what the dome might have been, probably never entire, 
whilst the tinted portion of the drawing represents the body of the hill, 
the upper surface of which, having been hollowed out towards the centre, 
has obtained for it the name of Wren’s Nest. It is therefore an elevated 
dome, which may have been produced by lateral pressure, and was probably 
truncated at its summit during the same period of disturbance and denu- 
dation which gave to the mass its peculiar form. 

When viewed from below on its southern face, and where necessarily 
the excavated dejm'ssion on the summit cannot be seen, the fljiiik of the 
dome of shale or ‘ bavin,’ whence the limestone has been entirely removed, 
presents the appearance shown in this sketch. 


The South End op the Wren’h Nest. 

(From a Sketch by the late Rev. W. Whewell, D.D. Sil. Syst. p. 485.) 



The spectator, looking to the north, sees how the limestone strata fold over a central 

dome of .shale. 
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In the exterior of the nucleus, which also consists of shale, the calca- 
reous matter disappears ; hut the limestone itself is quite similar, in com- 
position and colour and in its large hailstones as well as small concre- 
tions, to the rock at Wenlock. 

At Woolhope in Herefordshire (see p. 110, and woodcut) a similar uprise 
from the centre has produced, as we have seen, a much grander phenome- 
non. In the Silurian region the Wenlock formation has seldom a greater 
thickness than 1000 feet ; but in Wales, though void of limestone, it occa- 
sionally assumes more than double those dimensions. 

The most prominent fossils of the limestone, among which Corals abound, 
have long been known to collectors, who have derived their chief supplies 
from Dudley and its environs. Those persons who are searching for Wen- 
lock fossils may, however, be told that their labour will probably be better 
rewarded by a visit to the northern end of the Wenlock Edge, near Coal- 
brook Dale, than to Dudley ; for the Corals, Encrinites, and Shells along 
this rich escarpment are easily detached from the matrix, and the quarries 


Fossils (18). Corals &c. of the Wenlock Limestone. 



1. Favosites cristatus, Blum. 2. F. Cotlandicus, Linn. 3. A variety of this Coral; 
and 3*, 3**, magnified portions of two varieties. 4. Favosites asper, d’Orb. 5. Alve- 
olites Labeohii, Milne-Edw. 6. Ceriopora oculata, Coldf. ? 7. Favosites fibrosus, 
Q-oldf. 8. A variety incrusting Shells. 

have not yet been exhausted. . Benthall Edge, for example, which over- 
hangs the Severn in so picturesque a form, and Gliddon Hill are excellent 
localities f. This rock is indeed distinguishable from all the inferior strata 
by the very great abundance of its Corals, the profusion of which makes 
it resemble in many places a coral-reef. These Corals were admirably 
described for me in the original ‘ Silurian System ’ by my valued Mend 
Mr. Lonsdale, who made the first effort to classify them and to compare 
them with the determinations of continental naturalists. 

t Some of the finest Corals originally published in the ‘ Silurian System ’ were coUected by the Rev. 
T. T. Lewis, in the gorge of the Kver Lugg, above Aymestry. 
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In addition to the universal Chain-coral (Halysites catenulaiius, Poss. 
20. f, 6) and the Pavosites librosus (Poss. 18, f. 7), which are often met 

Fossils (19). Coeals of the Wenlock Limestone. 

Millepore Corals of the genus Heliolites, most nearly related to the ‘ Blue Coral * Helio- 
pora cflerulea, Blainv.) of the Australian coral-reefs. 



1. Heliolites tubulatus, Lonsd. 2. H. petaliformis, Lonsd. 3. H. interstinctiis, Wahl. ; 
a variety with large tubes. 4, 5. H. interstinctua, Wahl. ; ordinary variety. 

Fossils (20). Coeals &c. op the Wenlock Limestone. 



1. Diaatopora ? consimilis, Lonsd. 2. Young of Syringopora bifurcata, Lonsd. 3. 
Coenites juniperinus, Eichw. 4, 5. Syringopora bifurcata, Lonsd. 6. Halysites catcnu- 
larius, Linn. 

with in the Lower Silurian rocks (see Chap. IX.), the following species of 
Corals are everywhere typical of the Wenlock Limestone ; — 

Heliolites interstinctua, Foss. 19. f. 3, 4, 5, both the large- and small-celled varieties ; 
H. tubulatus, f. 1 ; H. petaliformis, f. 2 ; Favosites asper, Foss. 18. f. 4 ; F. cristatus, 
f. 1 ; Ccenites juniperinus, Foss. 20. f. 3 ; Syringopora bifurcata, f. 4, 5, and its young 
or creeping form (Aulopora serpens, Sil. Syst.), f. 2 ; Omphyma turbinata and O. sub- 
turbinata (see Chap. X.) ; Alveolites Labechii, !IMw. ; Cvatnophvllum truncatum, Linn., 
and C. articulatum, Wahl. ; Acervularia luxurians, Eichw., with many others *. 

Of the Crinoids, the more perfect only of the forms published in my old 
work are reproduced in the plates of this volume. Perhaps the large 

* In the above three woodcuts some of the most divided into three genera; wMst a few of Ihe 
fire<|uent Corals of the limestone are figured. Here, weoies are still rescued as being identioal with 
as in the subsequent chapters on orgamic remains, Devonian forms. Bee McCoy's Description of the 
the nomenclature difiVrs in a rare instance only British Falnozoic Fossils in the Geolonoal(Wood- 
fipom that of Milne-Edwards and Haime (‘ Poly- wardian) Museum of the Univendly of Cambridge, 
piers Fossiles ’). Thus the genus Heliolites is not 
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species Periecliocrimis moiiiliformis, PI. XIII. f. 1 , 2 , is the most charac- 
teristic ; it covers largo surfaces of the limestone at Dudley, and is found 
in disjointed fragments in many other localities. 

Among the MoUusks of this formation, which are figured in Plates XX. 
to XXXIII., Orthoceratites are very abundant, Orthoceras annulatum and 
O. Brightii being freciuont species. BeUerophon dilatatus, B. Wenlock- 
ensis, and the singularly beautiful Conularia Sowerbyi, PI. XXV., are charac- 
teristic. Among the most frequent spiral shells are five species of Euom- 
phalus, viz. E. carinatus, E. seulptus, E. discors, E. funatus, and E. rugosus 
(Plates XXIV., XXV.). 

Ordinary Bivalve Shells are less common ; but Oi*thonota cingulata, Avicula 
reticulata, Pterinea retrofiexa and Pt. planulata, the last figured in Chap. X., are 
abundant species. Of Brachiopods, Strophomena euglypha, S. filosa, and espe- 
cially S. depressa, Pentamerus galeatiis, Spirifer plicatellus (S. radiatus and 
S. interlineatus, 8il. Syst.), 8. trapozoidalis, S. crispus, and S. elevatus, Orthis 
rustica, O. elegantula, and O. hyhrida, Loptmiia transversalis and L. laevigata*, 
are all described in the ^ Silurian System.’ With them are Atrypa reticularis 
and A. marginalia, besides several plaited Terebratulidae, of which Iletzia cuneata, 
PI. XXII., and II. Salteri, Davidson, are often plentiful ; but the Bhynchonella 
borealis (Terebratula lacunosa of my old work) is by far the most common 
species. Bhynchonella Wilsoni and a small variety of B. nucula are also some- 
times abundant (sec PI. XXTI. and woodcuts in Chap. X.). 

Trilobites are very common ; the most Irequent of them is the Caljmene 
Blumenbachii, formerly called the ‘Dudley Locust’ (PI. XVIII.), a species 
which, as we have seen, also occurs deep in the Lower Silurian rocks, and, 
as we shall presently find, ascends also into the Upper Ludlow. 

Other forms of these creatures are also prevalent j a few may be noticed. 
Encrinurus punctatus and E. variolaris, figured in Chap. X., are very common 
in both the limestone and the shale. Phacops Downingise is one of the most 
characteristic Trilobites, particularly in the environs of Dudley. Phacops 
Stokesii (Calymene macrophthalma of my former work), I^h. caudatus, Acidaspis 
Brightii, and Cheirurus bimurronatus (see Pis. XVIII. & XIX. ), are frequent fos- 
sils, and, as before stated, belong also to inferior formji tions. Phacops caudatus is 
especially abundant in the Malvern Hills; whilst (hilyinene Blumenbachii is 
the reigning fossil at Dudley. Bumastus Barriensis and Ilonialonotus delphino- 
cephalus, which have been cited from the Lower Wtuilock or Woolhope lime- 
stone, are also found in this rock, the former very frequently. The Annelides 
Comulites serpularius and Tentaculites omatus occur on almost every specimen 
of the limestone at Dudley. 

In the above mentioned districts, the Wcnlock limestone passes upwards 
gradually into a thick mass of pale-coloured shsilc, undistinguishable from 
that beneath the solid rock. From the physical relations of this shale, 
and from its forming usually a part of the same hills as the mass of the 
Ludlow rock, it is classed with that formation, though the reader must 
understand that in reality it is only an intermediate band intimately 
* See Plates XX. to XXII. 
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uniting the Wenlock and Ludlow in the Upper Silurian group, and is 
almost equally connected with both by structure and fossil contents. 

Since the preceding paragraph was published in the last edition of 
‘ Siluria,’ Mr. C. Ketley has shown, in a paper read before the British 
Association in 1865,' that so many fossils which characterize the Wenlock 
limestone occur in this supeijacent shale, that it ought to be classed with 
the Wenlock formation and not termed Lower Ludlow rock. This arrange- 
ment would agree with my own view, so far as regards the tract of 
Dudley, or wherever the cover of shale upon the limestone has no great 
thickness ; but it would be quite inapplicable to many parts of the Silurian 
region, where the vast thickness of shale which supports the Ludlow or 
Aymestry limestone must continue to be classed, for reasons to be assigned, 
with the superior formation as Lower Ludlow rock. 

A further acquaintance with the fossils of the Wenlock formation must 
be obtained by consulting the 10th Chapter, as also the descriptive mono- 
graphs mentioned in the Preface. The main object of the present work is 
not to direct attention to rare forms, but chiefly to those which are charac- 
teristic of the rocks. 
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CHAPTER VII. 

UPPER SILURIAN ROCKS {continue^. 

THE LUDLOW FORMATION, GENERAL CHARACTER OP. — ITS SUBDIVISION IN THE TYPICAL DIS- 
TRICTS, INTO LOWER LUDLOW ROCKS, AYMESTRY LIMESTONE, AND UPPER LUDLOW BOCKS. 

In a general sense, the Ludlow rocks of the Silurian region of England 
and Wales must be simply viewed as a continuation of the argillaceous 
masses which prevail in the underlying Wenlock formation. Such is more 
particularly the case in the lower beds of this deposit. The central por- 
tion, however, in several tracts, particularly at Aymestry, consists of an 
argillaceous dark-grey limestone. The upper member being more sandy 
and somewhat calcareous, yet retaining in parts much of the ‘ mudstone ’ 
matrix, is in great measure an imperfect, thin-hedded, grey-coloured, 



Ludlow Cahti.e. 

(From a Sketch by Lady Harriet Clive, now Baroness Windsor. Sil. Syst. p. 195.) 

In this sketch the River Teme is seen to flow in a chasm of the Upper Ludlow Rocks, 
the strata on w'hioh the spectator is supposed to he standing being the same as those 
on which the Castle is built. The basalt of the Titterstone Clee Hill is in the distance, 
surrounded by Old Red Sandstone, and covered by Carboniferous deposits. 

earthy building-stone. Occasionally the highest stratum is composed of 
light-coloured sandy freestones and tilestones, through which the forma- 
tion graduates lithologically and conformably into the lowest beds of the 
Old Red or Devonian rocks. 

Such is the general order near the town of Ludlow, which stands upon 
the higher strata of the formation, as shown in this woodcut. Its central 
and inferior masses are best seen either in the escarpments of the adjacent 
hills on the S.W., or in that ridge which for a distance of twenty miles on 
the N.E. is interposed between the Wenlock Edge and the Old Red Sand- 
stone of Corve Dale and the Clee Hills. The section here given will 
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convey an adequate idea of the succession. (See also Map, and Section 
beneath it.) 


Section across the Ludlow Promontory *. 


■ N.W. 

E. Onny. 


(From Sil. Syst. pi. 31. f. 5.) 


Brindgwood. Gatley. 

Wigmore. 


Whiteway 

Head. 


S.E. 



Wenlock shale. Wenlock limestone, e^. Lower Ludlow beds. e^. Aymestry 
or Ludlow limestone. eK Upper Ludlow beds. /. Old Red Sandstone (bottom beds of). 


In following the formation from the Ludlow tract on its strike or direc- 
tion to the S.W., its included limestone, like that of the subjacent deposit, 
is also soon seen to thin out and disappear. Scarcely has the geologist 
quitted the north-western comer of Herefordshire, than he finds the cen- 
tral band attenuated to a mere course of calcareous grit, which is entirely 
lost in Badnorshire. There the Upper Silurian rocks of the mountain of 
Badnor Forest, which are laid open in the ravine of ‘ Water-break-its- 
Neck’ and other gullies, expose a gradual succession from the Wenlock 
through the whole of the Ludlow formation up to the junction-beds of the 
Old Bod Sandstone, and with scarcely a trace of limestone. As such also 
the formation ranges for the most part through Brecon and Carmarthen, 
the central part being nowhere a workable limestone, and only here and 
there calcareous, except through the occasional presence of a few testaceous 
remains. In Marloes Bay, Pembrokeshire, where the Silurian rocks arc 
exposed in the sea-clifls (see the view at the end of this chapter), it is dif- 
ficult to say more than that sandy calcareous shale and very impure lime- 
stone containing Wenlock fossils are surmounted by ferruginous and hard 
sandstone, rarely calcareous, and in parts a conglomerate. 

In the Clyro and Begwm Hills, however, or along the eastern frontier 
of the Silurian rocks, extending from Kington towards the south-west, the 
Ludlow rocks retain much of their typical characters, and particularly 
on the banks of the Wye, between Builth and Hay, where I first ob- 
served their relation to the Old Bed Sandstone. (See Map and Sil. Syst. 
p. 312.) 

Let us now consider the nature of the different members of the Ludlow 
formation, where they are most conspicuously characterized by the greatest 
quantity of fossil remains. 

Zotaer Ludlow Bocks , — These strata, which are, I repeat, simply an up- 
ward prolongation of the Wenlock formation, are composed of dark-grey 
shale, rarely micaceous, with small concretions of impure limestone. My 

* Lil« the Woolhope Valley and all of the so- between Gatley and Whitew^ Head, are entirely 
called Valles of Elevation, including the grand denuded and swept clear of all debris, foreign 
tr^ of Wealds of Sussex, Surrey, and Kent, or local, 
this Valiev of Wimnore. and the lateral vallev 
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chief reaaon for grouping them with the Ludlow rather than with the 
Wenlock deposit was, that throughout the typical districts of Shropshire 
and Herefordshire these shales occupy the base of the ridges, the harder 
summits and outward slopes of which are composed of Aymestry limestone 
and Upper Ludlow rocks. 

The clearest and finest examples of such physical features are seen in 
ascending from the denuded valley of Wigmore, in which the Wenlock 
shale, and limestone, are exposed as in the opposite woodcut, and 
thence by a depression in the Lower Ludlow, which ranges into the 
Mary KnoU Dingle and Comus Wood*, until you reach the stronger stony 
masses of the Aymestry limestone, and Upper Ludlow rock, 

The inferior strata, 6^, for the most part argillaceous, are often arranged 
in large spheroidal masses, showing a tendency to concretionary structure, 
which rapidly exfoliate under the atmosphere and break into shivery frag- 
ments. Calcareous nodules, differing only from those of the Wenlock de- 
posit in being usually of a blacker colour, have often been formed round 
an Orthoceras, a Trilobite, or other fossil as a nucleus. 

One of the most prevalent of these organic bodies is our old friend Caly- 
mene Blumenbachii, whose acquaintance the collector may have first made 
in the much lower rocks of Caer Caradoc and Snowdon. (See also Chap. IX.) 
It is accompanied very frequently by the long-tailed Trilobite now called 
Phacops longicaudatus. These two may be considered to be the characteristic 
Tiilobites of the formation, though there are several other species ; and 
with them, the Graptolithus priodon (or Ludensis t), also a Lower Silurian 
fossil, occurs abundantly. The persistence of these typical species clearly 
proves the indivisibility of the Silurian system of life. Xor are Cardiola 
interrupta, PI. XXIII. f. 12, and Murchisonia Lloydii, PI. XXIV. f. 5, less 
characteristic. 

In ascending, the strata become somewhat more sandy, constituting 
thick, earthy, and very slightly calcareous flagstones, the flaglike separation 
being due to laminoB of sand. These beds, the ‘ pendle ’ of the workmen, 
were formerly pointed out as being distinguished by containing large Or- 
thoceratites. Recently they have attracted much attention at a spot near 
Leintwardine, and have yielded, to the persevering search of the geo- 
logists of Ludlow and its environs, remains of many Crustacea and abun- 
dance of peculiar Starfishes Figures of some of the latter are given at 
p. 127. 

These flaglike strata form the support of the Aymestry or Ludlow lime- 
stone, from which they are usually separated by soft soapy beds, in parts 
an imperfect fuller’s earth. It is the decomposition of this unctuous 

* Milton passed some time in Ludlow Castle, Ludlow.* 
then a border Welsh fortress, and his ‘Mask of J Colonel Colvin of Leintwardine, and Messrs. 
Comus * was performed in it. Comus Wood is in Lightbodj, Cocking, and Marston of Ludlow, have 
one of the deep depressions which vary the surface the ment of these last disooveriea Formerly Mr. 
of the Ludlow promontory. Proctor contributed much from the neighbour- 

t Ludensis is the Latin word signifying *of hood of Leintwardine. 
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fuller’s earth (provincially ‘ Walker’s earth ’) beneath heavy masses of the 
limestone, which rest upon it, which has occasioned numerous landslips 
both near Ludlow and in other parts of H'erefordshire, one of the most 
striking of which will presently be mentioned. 

The lower shale occupies the escarpments and contiguous valleys of the Lud- 
low rocks which range from Shropshire by Presteign to Radnor Forest, and also 
large undulating tracts of the western parts of Shropshire or contiguous parts ox 
Montgomeryshire, such as the Long Mountain and other tracts around Welsh- 
pool and Montgomery (see Map). From the steeps and valleys west of King- 
ton, it extends, together with the upper members of the Ludlow rocks, to the 
banks of the Wye, and is finely exposed in the noble escarpment at the western 
end of the Forest of Mynydd Epynt in Brecknockshire. A good idea of the fea- 
tures of that tract is conveyed by a sketch already given, p. 58, where the 
rounded outline of the hills in the middle ground, as seen from the slaty hills on 
the west, is due to the soft nature of this deposit. The same rock is also well 
developed in the Malvern tract, where Professor Phillips assigns to it a thickness 
of about 760 feet. (See also section, p. 96.) 

In the 'Woolhope elevation and the group of Usk, or as lying between the 
Dudley and Sedgeley (Wenlock and Aymestry) limestones in Staffordshire, 
it is everywhere the same dull, non-micaceous shale, which, from its incoherence, 
has been denuded for the most part, thus giving rise to a deep valley which 
separates the harder parts of the Wenlock and Ludlow rocks from each 
other. 

In the environs of Ludlow, and in many parts of the Silurian region, 
this inferior member of the Ludlow rocks, whilst containing several 
forms of Trilobites found also in the strata above and below it, is specially 
characterized by a profusion of straight or curved Chambered Shells. Such 
are the Orthoceras, Lituites, and Phragmoceras, a genus named by my old 
friend the late W. Broderip, the eminent naturfilist, and which was un- 
known before the publication of the ‘ Silurian System.’ Orthocerata abound, 
not less than eleven species having been figured as characteristic of this 
rock. But extended researches have shown that, in this case as in many 
instances of other fossils alluded to, several of these Chambered Shells occur 
in much older as well as younger members of the system. 

In the rich locality already spoken of, viz. Church Hill, Leintwardine, 
the usual fossils of this rock have been found associated with Starfishes and 
that singular Crustacean the Pterygotus, together with some other forms, 
and among them a fragment of the Fish Pteraspis. This last discovery has 
of course modified my former belief, that the fishes in the upper part of the 
Ludlow formation were the oldest known ichthyolites. But, after all, the 
modification is slight ; for still the position of this Pteraspis is scarcely 
beneath the real centre of the Ludlow formation as a whole. 

The Pterygotus belongs to a distinct species from that found in other localities, 
and has been described by Mr. Salter under the name of P. punctatus. It was 
apparently of great size, perhaps seven or eight feet in length ; but its fragments 
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need not be figured here. Some remarks on the principal species will be given 
at the end of this Chapter. 

The Starfishes, some of which are here delineated (Foss. 21), are considered 
to belong to genera^ perhaps to families, distinct from any living forms. One of 
them, Palasocoma (figs. 3, 4), resembles, indeed, certain living rare forms of 
Starfish (Pteraster) in the great length of the spines, which, however, are 
longer in the fossil than in the living genus. Palasterina, M^Coy, is more like 
the Palmipes roseus. Others (Protaster, figs. 1, 2) have the genei^ form of the 
OphiursB or Brittle-stars, to which they are allied, but differ in the number and 
arrangement of the component plates of the skeleton. No less than ten species 
of Starfishes have already been found here j and new forms of great beauty are 
occasionally discovered. 


Fossils (21). Starfishes op the Lower Ludlow Bock. 


(See also Foss. 57, for other Upper-Silurian Starfishes.) 


1 , 2. Protastor 


uridse with nu- 
merous plates. 

2 a. Small portion 
of a Protastor, 
magnified. 



3. PalflBOcomaMar- 
stoni, Salter. 

4. P. Colvini, id. 
These are Star- 
fishes allied to 
Palmipes and 
Pteraster. 


Among the Orthocerata, the largest, and perhaps the most common, are Ortho- 
ceras Ludense, PI. XXVIII. f. 1, and 0. filosum, PI. XXVII. f. 1 j these are gene- 
rally accompanied by a smaller, thin-shelled species, which appears to be the 
O. subundulatum of Portlock. The others, though often found, are by no means 
so abundant or characteristic. Of Lituites, the only common species is a very 
large one, eight or ten inches in diameter— the L. giganteus of PI. XXXUI. f. 1, 
2, 3. The Phragmoceras, above noticed, is a remarkable shell, with the mouth 
or opening contracted into the shape of a key-hole. Some of its forms are flat- 
tish, broad, and shaped like a hatchet-head (PI. XXXII.) j whilst others, known 
as the pear Orthoceratites (PI. XXX.), are suddenly swollen into a balloon-like 
shape above, and end in a tapering point below. 

Of Lamellibranchiate Shells, Cardiola interrupta, Broderip, is the most com- 
mon (PI. XXni. f. 12) ; yet the same species, formerly b(dieved to be peculiar 
to this zone, has also been found in the Caradoc formation I Another Bivalve 
equally characteristic, and as yet known only in Upper Silurian rocks, is the 
Cardiola striata (PI. XXIII. f. 13) j and, in company with the chambered shelly 
above noticed, it is to be found in all the fossil-bearing localities of Shropshire 
and the neighbouring regions. Orthonota rigida, PI. XXIII. f. 8, and Pterinea 
retroflexa, f. 17, are not so common j and the latter is far more frequent in the 
Upper Ludlow rock. 

Indeed many species of fossils have been obtained both in this stratum and 
the Wenlock formation, especially Brachiopodous Shells. Among these may be 
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cited Pentamerus galeatus, Strophomena depressa and S. euglyphai Leptaana 
laevigata, Atrypa reticularis, and Rhynchonella W ilsoni. Scarcely any Brachio- 
pod is strictly peculiar to it, unless it be the small but characteristic Lingula 
lata, PL XX. f. 6. In this view, the Lower Ludlow shale might be classed with 
•the Wenlock formation j but the other forms of Mollusks, above noticed, give to 
it a distinct character, and entitle it to rank locally as a separate subformation. 

Aymestry or iMdlow Limestone *, — The want of persistence over wide 
areas of any mass of solid limestone in the centre of the Ludlow formation 
has been adverted to. In some parts of South Wales, where the calcareous 
matter is absent, it is difficult to trace even the place of this band in the 
Ludlow rocks ; but in Herefordshire and Shropshire, and again at Sedgeley 
in Staffordshire (near Dudley), it is a dark-grey limestone, worked rather 
extensively for use. Even where the lime is sparingly distributed, the 
rock is a highly calcareous flagstone, and may generally be recognized by 
its well-defined joints and predominant fossils. 

This central member of the Ludlow formation was named by me after 
the beautiful village of Aymestry, where the rock is well laid open, and 
its relative position as well as fossil contents were elaborately worked out 
by my friend the late Rev. T. T. Lewis t» The clear distinction of this 
rock from the Wenlock Limestone was, indeed, first made by him ; so that, 



WiiiTEWAY Head. An escarpment of Aymestry Limestone. Strata dipping to tlieS.E. 
(From Sil. Syst. p. 243. Sketched by the late Rev. W. R. Evans.) 

^ In a oommunioation to the G-eologioal Society though still colouring the thick calcareous beds as 
in 1803, Mr. Lightbodv stated, after observations before.*’ Now, as in my original olassifioation it 
by himself and Mr. Karston, that, in portions of was specially explained, ana repeated in editions 
the Ludlowpromontorywhioh are much dislocated of ‘Biluria,’ that the .term Aymestry or Ludlow 
(Mooktree Forest), certain beds hitherto included Limestone had reference only to limited tracts of 
in the U pper Ludlow rooks oimht to be, from their England, and was inapplicable to other wide tracts, 
foiNnls, classed rather with the Aymesti^ Lime- whether at home or abroad, where the Ludlow- 
stone. Again, indicating that this limestone is Book formation has no such subor^nate band, it 
mOTe i^urally connected with the lower rook, he seems to me that Mr. LiAtbody*8 view is quite in 
asks if it would not be better to discontinue the unison with my own. Bee Quart. Joum. Q-eol. 
name Aymestry Limestone as a division alto- Boo. vol. xix. p. 309. 
getaer, uid to call all the beds between the Upper t See Sil. ^st. p. 201. 

Ludlow and the Wenlock simply Lower Lnmow, 


Chap. VII.] 


THE AYMESTEY LIMESTONE. 


129 


whether I look to the information I derived from his fieldwork or to the 
organic remains with which he liberally supplied me, I have every reason 
to style Mr. Lewis (as I did in the Preface to the first edition) “ my most 
efilcient coadjutor in all the regions of Siluria.” 

The Aymestry limestone is a subcrystalline earthy rock, arranged in 
beds from one to five feet thick, the laminm of deposit being marked by 
layers of Shells and Corals. In the escarpment of the south-western limb 
of the Ludlow promontory, this rock frequently forms bluff cliffs, the in- 
clined strata of which, as soon in the centre of the preceding woodcut, rest 
upon the Lower Ludlow shale, and plunge under the Upper Ludlow rock. 

When cut into, the rock is of indigo or bluish-grey colour, in parts 
mottled by the mixture of white cjilcareous spar. The quarries, like those 
in all the harder bands of the Ludlow formation, present, as in the above 
diagram, natural backs or divisions, usually coated by a dirty-yellow or 
greenish shale. These are the faces of joints more or loss vertical ; and, 
when open, they occasion the rock to separate into rhomboidal masses, which 
are easily detached if the strata arc much inclined. The rock is there- 
fore subject to slides or subsidences, particularly where the underlying 
saponaceous ‘ Walker’s ’ or ‘fuller’s earth’ prevails. Examples of these 



The PAiiMEii’.s Caihn Landslip. 

(From Sil. Syst. p. 248. Drawn by the late Rev. W. R. Evans.) 

The woodcut exhibits the slope of the beds and the vertical joints, w^hich, in conjunc- 
tion with the lines of bedding, divide the rock into lozenge-shaped blocks. 

slides may be seen at many spots, but at no locality more instructively than 
at the Palmer’s Cairn or Chum Bank, S.W. of Ludlow, represented in the 
foregoing woodcut. The area there affected exceeds fifty acres. 

This limestone offrn occupies the summit or capping of the escarpment 
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of Ludlow rocks, as in the ridges of Mary Knoll and Brindgwood Chase 
west of Ludlow, — and in the hills extending from the View Edge and 
Norton Camp, where it forms a conspicuous band parallel to, and loftier 
than, the Wenlock Edge (see woodcut, p. 124), 

At Aymestry the limestone occupies both banks in the gorge of the 
River Lugg ; but, as above said, it rapidly thins out to the south-west. 
On the whole it has much less of a concretionary structure than the sub- 
jacent Wcnlock limestone, and partakes more of the flat-bedded character 
which is observable in the ‘ pendle ’ beneath and distinguishes, indeed, all 
parts of the Ludlow formation. 

In the old quarries at Aymestry it is conspicuously marked by the lines 
of cavities whence its numerous Corals have been weathered out. 

In the Woolhope valley of elevation, the Aymestry rock (see section, 
p. 110) assumes precisely the same external or physical features as on the 
flanks of the Ludlow promontory, having from its hardness resisted denu- 
dation better than other portions of the deposit. It thus forms the crest 
of the external and encircling ridge, and is prominent in the hills of 
Harden, Seager, and Backbury. Although it differs in being a less pure 
limestone than that near Ludlow, it contains many of the same fossils, 
oven the Pentamcrus Knightii, its most characteristic shell (PI. XXI. 
f. 10), having been found in the Woolhoje district since the ^Silurian 
System ’ was published. 

On the outermost western slopes of the Malvern Hills, and on the sides 
and summits of their northern prolongation the Abberley Hills, the 
A 3 rmestry rock, though containing less calcareous matter than in Shrop- 
shire, is still the weU-defiiied central portion of the Ludlow formation. 
In some of these tracts (as near the Hundred House) it might be used for 
lime, if the Wenlock limestone, of such superior quality, were not in close 
proximity. In the districts of May HDl, Usk, <fec. this limestone is simply 
represented by the harder and slightly calcareous central part of the 
Ludlow rocks. 

At Sedgeley, in Staffordshire, the rock becomes once more a useful lime- 
stone, in which the predominant Aymestry fossil, Pentamerus Knightii, 
abounds. There it is known as the ‘ black limestone,’ in contradistinction 
to that of Dudley, on which, with some intermediate shale or ‘ bavin,’ it 
reposes*. 

The fossils which pervade the Aymestry limestone, in addition to Pen- 
tamerus Knightii, are Rhynchonella Wilsoni, Lingula Lewisii, Stropho- 
mena euglypha, and large specimens of Atrypa reticularis, Bellerophon 
dilatatus, Pterinea Sowerbyi, &c., and many of the same Shells, Corals, and 
Trilobites which are common in the subjacent Wenlock limestone. In- 
deed, except in ihe less number of species, and the occurrence of some of 

* See ‘ Silurian Sy^m,’ sections, p. 481 ei «eg. The Eev. T. T. Lewis first called my attention to the 
fact of the Sedgeley limestone being the equiv^cnt of the Aymesti^ rook. 
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the Shells more characteristic of the next member (the Upper Ludlow 
rock), this limestone is not greatly distinguished by its fossil contents from 
the Wenlock limestone. 

In some tracts, as at Usk, Monmouthshire, the place of this rock is 
marked only by the sheUy courses which near Ludlow form its immediate 
cover; and wherever these peculiar beds occur, they are replete with 
Rhynchonella navicula (PL XXII. f. 12) and the small Leptsena laevigata ♦. 
It is this band which forms the base of the Upper Ludlow rock ; and it 
may be well seen in the (piarries at Aymestry. 

Upper LmUoio Koch. — This is the most diversified, in structure and 
contents, of the three subdivisions of the highest Silurian formation, and 
is also remarkable in exhibiting a transition into the next overlying 
system, the Old Red or Devonian. Its lowest stratum is the calcareous 
shelly band, charged with Rhynchonella navicula, which has just been 
mentioned as forming the roof of the Aymestry limestone, and which occa- 
sionally attains a thickness of 30 or 40 feet. This is surmounted by grey, 
calcareo-argillaceous masses, so common throughout the Silurian rocks, and 
which, from their incoherent nature, easily decompose into mud. Like 
other Silurian sediments of higher antiquity, this mudstone has a ten- 
dency to run into large spheroids, and occasionally contains small concre- 
tions of sandy clay, which, being more destructible than the pure argil- 
laceous matrix, weather out in the faces of the escarpments, marking the 
lines of stratification by small elliptic cavities like swallow -holes. 

The chief and distinguishing portion of the Upper Ludlow contains more 
calcareous matter and sand than the beds immediately beneath. It is, on 
the whole, a slightly micaceous, thin-bedded stone, of bluish-grey colour 
within, but weathering externally to a brown, rusty grey, and remarkable 
for its symmetrical, transverse joints, as exhibited at cf, a in the following 
view (p. 132). 

Some strata of this character appear also in the foreground of the 
vignette, p. 123, which represents the Castle of Ludlow standing on the 
rock out of which it was built. Though quarried extensively for use, the 
stones, either when not well selected, or not placed horizontally in the 
wall in the direction of the layers, are very prone to decomposition. This 
rock is also well exhibited near Ledbury, 

I have elsewhere compared this member of the Upper Ludlow with the 
^ Macigno ’ of Italy, and particularly with those dark-greyish portions of 
the latter which occur between Perugia and Florence. This lithological 
resemblance of so old a rock to so young a deposit (for the Italian Macigno 
is no older than the London Clay) is cited to show how similar materials 
—sand, mud, and calcareous matter, collected on a sea-bottom, often 
necessarily resemble each other when formed into stone, though originally 
deposited at such very widely separated periods. In this comparison it is 

Mem. Geol. Surv. vol. ii pt 1. pL 26. fig, 3 (L. lepisma). 
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further to bo noted that the ‘ Macigno,’ or young Italian rock, is infinitely 
more hard, compact, and durable than the very ancient stone of Ludlow !♦ 



Uppeii Ludlow Rocks at the Bone Well!. (Prom Sil. Syst. p. 250.) 


The surfaces of these Upper Ludlow rocks -arc occasionally covered by 
small wavy ridges and furrows, here and there crossed by little, tortuous, 
raised bands; the former of these resulted from the rippling action of 
waves when the sediment was accumulating under a shallow sea, and 
the latter arc the traces left by worm-like or other animals on a sandy 
and muddy shore during the intervals of the tides. 

It is chiefly in this upper portion of the formation that the best-defined 
organic remains are found, often preserving the sharpness of their forms, 
and the remains of their original shelly coverings. 

Here we meet with a profusion of the following fossils : — Chonetes lata, 
PI. XX. f. 8; Orthonota amygdalina, PI. XXIII. f. 7; Goniophora cyinbc'efor- 
inis, f. 2 ; I’terinea lineatula, f. 16 ; P. retroflexa, f. 1 7 ; Discina rugata, PI. XX. 
f. 1, 2 ; Orthis elegantiila (var. orbicularis), f. 9; O. luiiata, f. 11 ; Ilhynchonella 
nucula, PI. XXII. f. 1, 2 ; Cyclonema corallii, PI. XXIV. f. 1 ; C. Octavia, f. 4 ; 
&;c. ; and the curved shelly Annelide-lube, Serpulites longissimus, PI. XVL f. 1. 
Comulites sei'pularius, PI. XVI. f. 3-9, and a small Tentaculite, f. 12, with the 
minute Beyrichia Wilckensiana, PI. XXXIV, f. 21, and B. Kloedeni (Foss. 63. 
f. 4), are also not uncommon. 

Corals are rather scarce ; yet Alveolites fibrosus is found frequently incrusting 
particular species of shells, — Cyclonema corallii and Murchisonia corallii, 
PL XXIV. f. 1 & 7, as their names imply, being its favourite habitats. This 
Coral has been figured, p. 119 (Foss. 18. f. 8). 

* See a description of the Tertiary Macigno of Italy, in my Memoir ‘ on the Alps, Apennines, and 
Carpathians,' Quart. J oum. Geol. Soo. vol, y. p. 280. 

t This well is so named because bones of mice, frogs, and other small animals are from time to time 
washed out from the open joints (a) of the impending rock. Old Drayton, in his Polyolbion, con- ^ 
sidered this a great marvel, and converted the bones of frogs into those of fishes: — 

“ With strange and sundry tales 
Of all their wondrous things; and, not tne least in Wales, 

Of that prodigious spring (him neighbouring as he past) 

That liUle fiKhes' bones continuallv doth east.” 
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Orthocerata^ occasionally of large size, occur, the species being the same as those 
known also in the Lower Ludlow rock, PL XXVI. et seq, O. bullatum abounds. 
Of Trilobites, Phacops caudatus and Encrinurus punctatus, writh a rare sample of 
the Calymene Blumenbachii, reach the smnmit ; but they are not abundant. The 
most prevalent Trilobite is a fine species of the genus Homalonotus (II. Knightii, 
PI. XIX. f. 7), which maybe found throughout the whole range of this formation, 
from Pembrokeshire to Westmoreland, and is sometimes of very large size. 

In the clifis at Ludlow, the chief body of rock is surmoimted by what has 
been termed the Fucoid-bed. This is a greenish-grey, argillaceous sandstone, 
almost entirely made up of a multitude of small, wavy, cylindrical, stem-like 
forms which resemble entangled Sea-weeds. In this mass is found, and always 
in a vertical position, the singular body (PL XII. f. 5) named Oophinus dubius. 
It is generally of an inversely pyramidal shape, and its sides are scored with 
elegant transverse grooves. I am assured by Messrs. J. De 0. Sowerby and Salter, 
who have studied it attentiv ely, that it is the impression made by the stems of 
Encrinites, w^hich, rooteal and half-buried in the micaceous mud, have produced, 
by their wavy and somewhat rotatory motion, the beautiful pattern, every line 
of which answ^ers to one of the projecting bosses or rings of the jointed stem. 
In fact these stems ai*e always found lying contiguous to the markings. Such 
bodies, in their slow trailings or gyrations, may have probably left accurate im- 
pressions, in consequence of the diffusion of small pai-ticles of mica in the mud, 
the fiat plates of which, having been drawn into ])ositions parallel to the line of 
motion, may have impeded the perfect fusion of the separated portions of the 
semifluid mass after the stem had passed through them. 

The highest member of the Ludlow rocks is most interesting, inasmuch 
as until recently it was described by myself as being the oldest rock in 
which fossil Fishes had been found. The only exception is that already 
alluded to — the occurrcmco of a fragment of Pteraspis in the central part 
of this same formation. The uppermost Ludlow rocli also contains the 
earliest remains of Land Plants (see pp. 135, 138). The lower layers of 
this zone, as seen at Ludlow, arc finely laminated, earthy, greenish - 
grey sandstones, containing a few Ichthyolites, with several shelly re- 
mains characteristic of the formation. It was the middle part only of 
this band, or a gingerbread-coloured layer of a tliickness of three or four 
inches, and dwindling away to a quarter of an inch, which exhibited, 
when my attention was first directed to it a matted mass of bony frag- 
ments, for the most part of small size and of very pec uliar character. 
These, with a few remains of Shells and Cmstacoans, including Pterygotus 
problematicus, occur in a cement in which varying proportions of carbo- 
nate of lime, phosphate of lime, iron -oxide, and bitumen arci disseminated. 
Some of the fragments of Fish are of a mahogany hue ; but others are of so 
brilliant a black that, when first discovered, they conveyed the impression 

* This course was discovered by my friends ^hich might he considered to pertain to Fishes, 
and excellent Ludlow coadjutors, the lU'v. T. 1’. These he alRxed to tablets, which I believed to 
Lewis and Dr. Lloyd, both now, alas ! r«*movi*d have been deposited with the original Silurian 
by death. By their assistanoe, and that of the types jiresented by myself to the Museum of th<* 
late Eev. W. K. Evans, I traced this fish -bed in Geological Society ; but, unluckily, these unique 
several other parts of the Ludlow promontory, and jirecious forms, so carefully drawn by Mr. 
See Sil. Syst. pp. 198, 605. Mr. Evans show^ James D<* C. Sowerby, and described by Agassiz 
great sagacity and talent in selecting all the forms (see PI. XXXV.), can now nowhere be found. 
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that the bed was a heap of broken beetles. Dr. Harley has truly re- 
marked that this bed is often very compact, and of a lighter colour, and 
closely resembles the cake from which linseed-oil has been expressed. 

The supposed Fishes of this stratum, as exhibited in my original work, must 
now, it seems, be reduced in number. At all events, besides the remarkable 
Pterygotus, portions of which are figured in PI. XDC. f. 4-6, and which was re- 
moved by Agassiz himself to the class of Crustaceans, Professor M^Coy has 
diminished the list of Ichthyolite remains by proving that some of the supposed 
fish-defences should also be removed to that group. One of these, to which he 
has applied the name Leptocheles Murchisoni (see PI. XIX. f. 1, 2), was formerly 
figured as an Onchus, or fish-defence f. But although these may be removed from 
our scanty list of Upper Silurian vertebrata,' the ichthyic nature of several speci- 
mens figured in PI. XXXV. figs 1-18, is evident from their external characters, 
and has been proved satisfactorily by the microscopic researches of Dr. Harley, 
who has also discriminated numerous minute Crustacean organisms, including 
Conodonts, in the Bone-bed. (See Chap. X.) 

The capping of the Bone-bod is composed of light-coloured, thin-bedded, 
slightly micaceous sandstones, in which quarries are opened out near Downton 
Castle on the Teme (the Downton-Castle stone, Sil. Syst. p. 197). It is trace- 
able also in the vicinity of Malvern, 

The uppermost layers of the whole Silurian system, and which form a 
transition into the Old Bed Sandstone, consist of thin-bedded fiagstones, 
occasionally reddish, and in certain districts forming ‘ Tilestones : ’ these 
contain Lingula cornea (PI. XXXIV. f. 2, a fossil found in the Ludlow 
rock), with Crustaceans, fin -rays of Fishes, and remains of the singular 
fish Pteraspis (PI. XXXVI. f. 9, 10, 11). 

Being comi}ellcd in my earlier researches to draw a line of demarcation 
between the Upper Ludlow formation and the bottom of the overlying Old 
Red Sandstone, I then inchided the tilestones in the latter, — ^particularly 
as in most parts of the region a portion of them decomposes into a red 
soil, thus affording a clear physical line of demarcation between them and 
the inferior grey rocks J . The fossils which were then figured as character- 
istic of such tilestones exhibited little else than species common to the 
Upper Ludlow rock, and were chiefly obtained from this formation as it 
ranges through Clun Forest and some parts of South Wales, where the 
Bone-bed has not yet been seen. These species and others since discovered 
have, indeed, for seventeen years led me to classify these tilestones with 
the Silurian rocks, of which they form the natural summit. For, in their 

* Quart. Joum. Geol. Soc. vol. xvii. p. .543. maps. Geologists who have had to labour with 

t For further illustration of this point, see imperfeet topographical assistance in a region 
Quart Joum. Geol. Soc. Lond. vol. ix. p. 12; and which, like this, h^ been wholly unexplored by 
vol. xvii. p. 545 . miners, are not those who will criticise errors of 

I The reader who maj^ refer to my original detail, which have been remedied by those who 
map must recollect that it w'as construct'd be- followed me. The classification and onief outlines 
tween the years 1831 and 1836. At that time I of my mm> and sections, as far as they relate to 
coloured such sheets of the Trigonometrical Survey my own Silurian rocks, have indeed, in all essen- 
as had been published; and from those and other tial points, been sanctioned by the Geological 
rude ma^rials my map was constructed. In fact Survey and the numerous geologists, led by Pro- 
nearly all the country of Wales to the west of my fessor Phillips, who have succeeded me. 
typiou region was then undefined upon accurate 
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range from Shropshire, through Herefordshire, Radnor, Brecon, and Car- 
marthen, where they are often of red and yellowish colours, they are 
charged with Orthoceras bullatum, Chonetes lata, Spirifer elevatus, Orthis 
lunata, Rhjnichonella nucula, Cueullella ? ovata, Bellerophon trilobatus, B. 
expansus, Platychisma helicites, HolopeUa obsoleta (see PI. XXXIV.), and 
the minute bivalved Crustacean, Beyrichia Kloedeni (Foss. 64. f. 4). All 
of these are common fossils of the Upper Ludlow rock ; and a few of them 
are found as low even as the Upper Llandovery rock beneath the Wenlock 
shale. 

If we include the Downton Castle building-stone, this transition-band 
contains the oldest casts of recognizable terrestrial vegetation yet found in 
England and Wales*. The specimens hitherto collected are usually small, 
and little more than carbonized fragments. At the bottom of the detached 
basin of Old Red Sandstone of Cliin Poorest in Shropshire, I detected thin 
layers of matted and broken vegetables (frequently carbonized) in the 
‘tilestone’ and ‘firestone’ beds of that tract (Sil. Syst. p. 191). Since 
then our acquaintance with them has been enlarged ; and the Museum in 
Jerm 3 m Street contains many more specimens from this stratum, among 
which are the minute globular bodies, PL XXXV. f. 30, called ‘ Bufonites ’ 
in the ‘ Silurian System,’ but which, as wiU presently be explained, are 
now known to be of vegetable origin. 

Though not everywhere divisible into the portions above described, the 
Upper Ludlow rock maintains, on the whole, a decisive aspect in its range 
through Shropshire, Hereford, and Radnor into Brecknock and Carmar- 
thenshire, until last seen in the cliffs of Marloes Bay, Pembrokeshire. 
Frequently somewhat calcareous, the deposit is in these districts for 
the most part a harder and more sandy stone, partaking in a greater 
degree of the character of the Italian ‘ Macigno,’ as before said, than any 
other rock of the Silurian system. Sometimes it is even a hard siliceous 
rock. 

On the eastward slopes of Bradnor and Hergest Hills, near Kington, and 
particularly in the ridges extending thence by (jladc^stry and Pains Castle 
to the Trewerne Hills on the Wye, this formation is often admirably ex- 
posed in slightly inclined masses replete with fossils. In the escarpment 
of the Trewerne and Begwm Hills f, and in many other places, it is stri- 
kingly exhibited as a grey, shelly, thin -bedded rock, dii)ping under the 
bottom beds of the Old Red Sandstone, as in the woodcuts, pp. 110, I24i, 
137. 

Along the outer or western edge of the Malvern Hills, the section of the 
Upper and Lower Silurian rocks, as illustrated at p. 95, exhibits, in like 
manner, Upper Ludlow rocks dipping under the Old Red. Descriptions 
of this subformation, as occurring at many places, from Ledbury northwards, 

* Some traces of large Plants, possibly of land t This was my first Silurian section, 1831, in 
growth, occur in the Upper Silurian rocKs of the passing from the known Old Bed to the then itn- 
Eastem Harz, near MHgaesprung. fcnoipn Xudlow rocks, Sil. Syst. pp. 6, 312. 
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may be consulted both in the ‘ Silurian System ’ and in Professor Phillips’s 
monograph 

A yery remarkable section of the Passage-beds from the Upper Silurian 
Hocks into the Lower Old Bed Sandstone has been laid open on the line of 
Bail way between Worcester and Hereford, near the town of Ledbury. It 
was described by the Bev. W. S. Symonds, in full detail, in the Quarterly 
Journal of the Geological Society, vol. xvi. p. 194 ; and vol. xvii. p. 152 &c. 
The section was more perfect than that at Ludlow, not being interfered 
with by any break in the strata. The Aymestry rock (with Pentamerus 
Knightii) occurred in the Ledbury tunnel ; and the rocks in ascending order 
to the point opposite the Ledbury Station furnish the following series of 
strata and fossils: — 1. Aymestry rock (10 feet). 2. Upper Ludlow rock 
with Chonetes lata &c. (140 feet); Ludlow bone-layer not detected. 
3. Downton sandstone with the characteristic Lingula ; 9 feet. 4. Bed 
and mottled marls and thin sandstones, with Lingulae and remains of 
Pteraspis ; 210 feet. 5. Grey shales and grit at the entrance of the tunnel, 
with Cephalaspis Murchison! and Pterygotus ; 8 feet. 6. Purple shales 
and thin sandstones (34 feet). 7. Grey marl passing into red and grey 
marl and bluish-grey rock (Auchenaspis- grits), with Auchenaspis, Plec- 
trodus, Cephalaspis (two species), Onchns, Pterygotus, a Lituite, and 
Lingula ; 20 feet. These strata pass conformably upwards into a series 
of red marls, with grey and reddish sandstone, in which Henry Brooks, the 
geological shoemaker of Ledburj", found the remains of Ptcrasins and 
Cephalaspis. It was owing to his persevering labour that Mr. Symonds 
was happily enabled to correlate these beds with their equivalents near 
Ludlow. It was thus found that fossils diminish as soon as the horizon of 
the Upper Ludlow rocks is passed ; but, according to Mr. Salter, the Lingula 
of the Downton beds is the same as that found at the base of the Old Bed. 
Again, there is little doubt that the Pteraspis of the Bone-bed ascends into 
the Lower Old Bed, where it is assoeiated with Ccphalaspidian Pishes. 
"Whilst it is difficult to define with minute accuracy the line which sepa- 
rates the lower system from the upper, it is clear that the Ledbury sec- 
tion proves the value of the term ‘ Passage-beds’ even more fully than the 
sections near Ludlow, Kington, &c. 

Similar passages .upwards, from inferior grey- coloured to superior red 
rocks, are observable at Usk and in tracts around that town, where the 
Ludlow rocks rest upon Wenlock limestone t and are full of the ordinary 
fossils. This small Silurian oasis in a region of Old Bed Sandstone (see 
Map) is highly interesting, and exhibits on either bank of the Biver Usk 
some peculiarities of mineral structure connecting the eastern and western 
tracts of the Silurian region. 

In Brecknockshire, to the south of Builth, the Ludlow rocks, surmount- 
ing a noble escarpment of the lower member of the Upper Silurian on the 

* Mem. Geol. Bnrv. Great Brit. vol. ii. part 1. t Sil. Syst p. 408. 
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right bank of the Wye, but in which no limestone occurs, exhibit a fine 
upward development, as they pass under the Old Red Sandstone in the 
wilds of Mynydd Epynt (see the long vignette, p. 68, and Chapter XI.). 
There the Upper Ludlow rises from beneath the Old Red, in a rapid anti- 
clinal flexure at Alt-fawr and Com-y-fan, as here represented, the central 

Brecon Anticlinal op Ludlow Rocks, throwing off Old Red Sandstone. 
(Prom Sil. Syst. p. 211.) 

N.W. AltFawrand S.E. 

Com-y-fan. 



e^. Lower Ludlow, e^. Middle Ludlow, with a calcareous band representing the 
Aymestry limestone. Upper Ludlow. /. Old Red (lowest beds). 


and lower members of the formation forming the underlying, arched, un- 
tinted strata, 

Thence into Carmarthenshire, the junction of the Ludlow rocks with the 
Old lied Sandstone is weU laid open in numerous places, especially in the 
narrow vaUey of Cwm Dwr, between Trecastle and Llandovery, where the 
Tilestones, on which Horeb Chapel stands, are fuU of the casts of Shells, 
among which arc characteristic forms, such as the Platychisma helicitcs, 
PI. Williamsi, BeUerophon trilobatus, and many others. 

The banks of the River Sawdde, in Carmarthenshire, east of Llangadock„ 
also expose a good junction of these highly micaceous Upper Silurian 
flagstones with overlying Old Red marl, the whole at very high angles 
of inclination. Thence, in its range to the mouth of the Towy, the Upper 
Ludlow becomes a compact hard sandstone, everywhere surmounted by 
Old Red*. 

In Pembrokeshire, similar junctions with the Old Red Sandstone are seen 
near Tavern Spite, Narberth, at Preshwater East and West, and in Mar- 
ines Bay. In all these places, strata of duU greenish-grey argillaceous 
sandstone, minutely micaceous, difiering from the type of the Upper Ludlow 
of Shropshire in being harder and thicker-bedded, repose on rocks with 
Upper Silurian fossils, and plunge under red and gret'n strata (the ^ red 
rab ’ of Pembroke), or bottom beds of the Old Red Sandstone. 

In the Valley of Woolhope, particularly in Backbury Camp, Seager Hill, 
and in the transverse gorges or hollows locally called ^ Cock-shoots,’ the 
same succession is very apparent aU round the external rim of that remark- 
able elliptical elevation (see diagram, p. 110). In nearly all parts of that 
boundary, the Upper Ludlow is well exposed in its characteristic lithological 
condition, and is copiously charged with its prevalent fossils, Chonetes 

* See woodcuts, pp. 55, 56. 
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lata &c., PL "XX.'et seq. It even contains, in one or two spots, the remains 
of Fishes. 

At Hagley Park, distant only two miles from the north-western end of 
the Woolhope ellipse, and four miles east of Hereford, the uppermost beds 
of the Ludlow formation have been exposed from beneath their cover of 
red clay and marl ; and there the thin bed containing Fish-bones and the 
Crustacean Pterygotus was found by Mr. H. Strickland to be just in the 
same relative position as at Ludlow ♦. This spot marks a minor undula- 
tion, or dome, of Ludlow rock, the surface of which only is visible ; a much 
greater mass of the formation has been protruded in the adjacent hiU of 
ShucknaU, as formerly described (Sil. Syst.). At Hagley Park the Fish- 
bed, scarcely exceeding an inch in thickness, lies between strata of 
brownish and yellowish sandstone (the Downton Castle stone) and a grey 
micaceous shale full of Upper Ludlow fossils. The Fish-remains are 
chiefly those of the minute shagreen scales (PI. XXXV. f. 18), the fin-rays 
Onchus Murchisoni and 0. tenuistriatus (figs. 13-17), with coprolites 
(figs. 21-28). In the sandy beds above these there are the carbonized 
remains of vegetables ; and among them Mr. Strickland detected some 
of the minute globular bodies mentioned before, which Dr. Hooker has 
ascertained to be seed-vessels belonging to Plants of the order Lycopo- 
diacese t« Similar vegetable traces have been observed at various places 
around the external rim of the Woolhope ellipse, as near Stoke 
Edith &c. 

Since the publication of the first edition of this work, the Pone-bed has 
Jbeen discovered at ProckhiU, by the late liev. F. Dyson, and by Mr. Salter 
at Hales End, both near Malvern, where it is a calcareous layer, full of 
common Ludlow shells, and overlain by Downton sandstone. 

Again, in the southernmost prolongation of the Silurian group of May 
HiU and Huntley HiU, where I formerly described the whole Silurian 
series as reduced to one thin mass of Ludlow rock, having the Old Eed 
Sandstone on one side, and the Xew lied on the other, my lamented friend 
Mr. Hugh Strickland detected one of these thin layers of Fish-bones in pre- 
cisely the same position as at Ludlow. 

In the arched or dome-shaped masses of Upper SUurian rocks which rise 
out from beneath the Old Eed Sandstone at Pyrton Passage on the Severn, 
Professor Phillips has also noted the remains of smaU Fish-bones in the 
Upper Ludlow rocks J. 

Eecognizing the original Pone-bed of the Ludlow rock on the face of 
Pradnor HiU near Kington, Mr Eichard Panks has shown that it is there 
overlain by Uver-colourcd strata containing Chonetes lata, Orthonota 

* I visited the spot since the discovery, in com- Hooker : Quart. Joum. Q-eol. Boc. vol. ivii. p. 162. 
pany with Mr. Strickland. See his descriptions I Mem. Geol. Surv. of Q-reat Brit. vol. ii. part 1. 

of these beds in the south of Herefordshire and in The succession of the Silurian rooks in the dislo- 
Glouwatershire : Quart. Joum. Geol. Soo. Loud, oated tract of Tortworth, to the S.E. of Pyrton 
voL viii. p. 381, and ib. vol. ix. p. 8. Passai^e, is described in detail in the ‘ Silurian 

t These seed-vessels or spore-cases are now System,’ p. 9». 
known by the name Paohytheoa sxihssrioa, $ Formerly known as Trochus heliciteB. 



Chap. VIL] 


UPPER LUDLOW ROCKS. 


139 


amygdalina, &c. ; a bed charged with Platyschisma helicites and Lingula 
cornea then occurs, followed by other strata of somewhat different mineral 
character, containing the remains of Eishes and their coprolites, with the 
peculiar Crustacean Pterygotus, <fec.* 

The lowest of these overlying beds, as seen in the quarries towards 
the summit of Bradnor Hill, north of Kington, is a greyish and yellowish 
band, containing Platyschisma helicites, together with a species of Modio- 
lopsis, and Beyrichia Kloedeni, fossils which have been considered charac- 
teristic of the Upper Ludlow rockf. This is followed by a thin layer of 
flaglike sandstone with many species of Onchus and the Lingula cornea. 
This thin layer, and another which is charged with fragments of Pterygoti 
and two species of Ichthyolites (Pteraspis), are surmounted by the bluish 
or light-grey, hard building-stone of Kington. This, again, is covered by" 
less massive beds (also charged with the same Crustaceans and Fishes, 
together with fragments of carbonized Plants) that graduate insensibly into 
more micaceous and thin-splitting layers, formerly used as tiles. How 
all these strata constitute the regular summit of the range of the Kington 
Hills, the soil of which is nowhere red, though, in following them in their 
gradual inclination to the south-east, into the lower grounds of Hereford- 
shire, on the banks of the River Arrow, they are seen to be covered by 
red marls and sandstone. 

In the environs of Ludlow, remains of Fishes and Crustaceans in beds at 
a higher level than the original Bone-bed have also been detected, chiefly 
through the close researches of Mr. Lightbody. In the railroad-cutting 
north-east of Ludlow, a small insulated portion of an olive- or grey- 
coloured shale was exposed J. It is faulted on the north-west against Old 
Red Sandstone, and is conformably surmounted on the south-east by red 
marls &c. The lowest visible layer at this spot is a finely levigated, liver- 
coloured and greyish rock in which certain Ichthyolites and other fossils 
occur ; and this passes upwards into an overlying reddish-brown micaceous 
sandstone, which in its turn graduates into red shale or marl. It is mani- 
fest, therefore, that this member is distinct from, and superior to, the first- 
described Ludlow Bone-bed (Sil. Syst. j). 198), since that stratum is fairly 
overlain by grey rocks and the Downton Castle building-stone. In the 
beds at the railroad there have been found fragments of Plectrodus and 
the Onchus Murchisoni, as well as Lingula cornea and Beyrichia Kloedeni, 

* Quart. J oum. Q-eol, Soa rol. xii. p. 93. That pany with Prof. Ramaaj and Mr. Aveline, I was 
these Kington rocks contain Coprolites similar to much gratified in looking through the raluable 
those described from Ludlow has been determined collection, made by Mr, Banks, of the fossils of 
by the analysis of Dr. Hofmann, lute of the Go- the Ludlow rocks and the beds forming their na- 
Temment School of Mines, who found that these tursl capping. The Ludlow bone-beds discovered 
bodies consist chiefly of phosphate of lime with by Mr. Lightbody were also visited by us, with 
small quantities of phosphate of magnesia, sili- Mr. Balter, who identified most of the fossils in 
cate of alumina, and sulphate of lime, with traces «««, and who found that the Pterygoti which 
of sesquioxide of iron, oxide of manganese, chlo- occur in this stratum were of several distinct 
ride of sodium, and organic matter. There are species. A Monograph, by Huxley and Salter, 
also in these rocks, extending from Kington to descriptive of these fossils, forms part of the Me- 
the south-west, perfectly round nodules, chiefly of moirs of the Geological Survey, 
iron-pyrites with a siliceous matrix. J Bee Quart Joum. Ge<fi. Boo. Lond. vol. xix. 

t n’^hen eraTnining the beds at Kington in com- p. 290. 
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found in the lower bone-bed. On the other hand^ the following species 
here found are unknown in any inferior stratum, namely ; — Cephalaspis ? 
omatus, Egerton; Auohenaspis Salterif, Eg.; Pterygotus Ludensis, Salter; 
Eurypterus pygmscus, Salter. 


Fossils (22). Ceustacban and Fishes pbom the Passage-beds, Ludlow. 


1. PterygotusLu- 
densis, Saltor; 
the caudal por- 
tion, much re- 
duced in size. 

2. Auchenaspis 
Salteri, Eger- 
ton. Head- 
shield. 




3. Cephalaspis ? 
ornatUB, Eger- 
ton. (An im- 
perfect head- 
shield; half the 
natural size.) 

3*. Portion of 
fig. 3, magni- 
fied. 


Besides the portion here figured of the gigantic Crustacean Pterygotus 
Ludensis, its pincers and other parts have been collected at this spot. Mr. 
Salter concludes that this giant of the Crustacea measured not less than 
seven or eight feet in length, and had a proportionate breadth and thick- 
ness. Some further details of its structure will be given in Chapter X. 

On the right bank of the River Teme, opposite Ludlow, a clearer ascend- 
ing succession of strata has been traced, notwithstanding a heavy cover of 
drift and gravel, and chiefly by observing the strata which appear when 
the river is very low. Thus the rocks containing the original Bone-bed 
are observed to slope gently down to the south-east, and to pass under 
light-coloured flagstones, which at the Corn-mill near Ludford arc overlain 
by micaceous brownish sandstone. These, again, are followed by reddish 
marls with greenish minute concretions. Whether the same Fish-bed which 
is observable at the Railroad may not be detected at this point is uncertain, 
as the series is irregularly traceable onlyj. But above all these strata, 
both grey and red, there occurs a band of light-grey micaceous sandstone 
or grit with carbonaceous markings and spore-cases of cryptogamic Plants, 
and in it Mr, Lightbody has detected remains of Fishes and other fossils. 
Among these we again find the Plcctrodus mirabilis, Onchus Murchisoni, 
and Lingula cornea of the lo<^>^er Bone-bed, though the Platyschisma heli- 
cites of that horizon is no longer detected. It may therefore be naturally 
suggested that this band constitutes the last link in the chain of Silurian 
life. 

t Auchen^is difiera from Cej)hula8ni8 in hav- Old Red Sandstone of Scotland and Herefordshire, 
ing the buckler truncated behind, and the nape of I It is manifest that faults must abound near 
the neck co^red by two wid<j square i»lates with the apex of the elevated Ludlow promontory, and 
BurC^es^H ehaKu?ter not found in the that dislocations similar to that which occurs at 
broad lunate heads of Fishes so common in the the Railroad may be frequent. 
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In this rock there is, indeed, a form of Fish not yet seen in the inferior 
courses, to which Sir P. Egerton assigned in 1857 the name of Cephalaspis 


Fossils (23) op the Uppermost Bone-bed, near Ludlow. 


1. Cephalaspis Murchi- 
soni, Egerton. Inside 
of head-shield. Less 
than half the natural 



Miirchisoni (Quart. Journ. Gool. Soc. vol. xiii. p. 284). It is represented in 
the preceding woodcut ; and differing, as it does, in a marked manner, by 
the truncated, not arched, posterior margin, from Cephalaspis Lyellii of 
the Old Red Sandstone, this species may be regarded as characteristic of a 
bed which indicates a true passage from the summit of the Silurian rocks 
into the Devonian rocks or Old Red Sandstone. In the copious develop- 
ment of red marls and thick-bedded sandstones which follows, the fossils 
that characterize the inferior strata are no longer detected. 

Another example of the ascending order from the mass of the Upper 
Ludlow rock, through the chief bone-bed, into the overlying Downton 
Castle building-stone, has been detected by Mr. Alfred Marston, near 
Norton, on the road to Onibury, where the fish-bed, six inches thick, is 
surmounted by a thin course charged with Pterygoti, and covered by 
argUlaceous layers (replete with Platychisma helicites and Beyrichia 
Kloedeni) which form the base of the Downton Castle sandstone. Mr, 
lightbody has observed a similar succession at the north side of Whit- 
cliffe Coppice, near Ludlow, as weU as in the section shown by the Lud- 
low Railway- cutting. 

The persistence of the uppermost band of the Ludlow rock, with its 
land-plants, fishes, and the same species of shells, at considerable distances 
from the tract in which it was first described, is truly remarkable, 
and shows the value of close and minute researches over extensive 
areas. 

The Tilestones or Passage-bods are visible all along the eastern frontier 
of the Silurian rocks (particularly from Kington to the Treweme Hills on 
the Wye), and scarcely exceed forty or fifty feet of maximum thickness, 
including both their thick and thin strata and even some reddish marl and 
micaceous sandstones. They constitute, therefore, both lithologically and 
zoologically, a true transition, and cannot be arbitrarily classed as a 
whole either with f^lurian or Devonian. It is, however, manifest from 
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its organic remains that the lowest of the bone-beds is really part and 
parcel of the Ludlow rock *. 

In the next chapter it will, indeed, be seen that large and peculiar 
species of Crustaceans (Pterygoti) also specially characterize the very up- 
permost beds of the Silurian rocks of Scotland, or the black slaty shale of 
Lanarkshire, which clearly underlies every stratum to which the term Old 
Eed Sandstone has been applied. Again, as will afterwards be shown, the 
same term in the series of the Palaeozoic rocks of Eussia, viz. grey and 
calcareous strata underlying all the Devonian rocks, is characterized by 
Crustaceans of the family of Eurypteridae ; whilst both in Scotland and 
Eussia these Crustaceans are associated with Lingula cornea, an unmis- 
takeable shell of the Upper Ludlow rock. 


The formations and subdivisions of the Silurian rocks of the region 
illustrated in the Map having now been described in the greatest detail 
compatible with the limits of this work, the reader is referred to the 
accompanying valuable Table of comparison, prepared by Mr. Aveline of 
the Geological Survey, that he may recognize at one view the varied de- 
velopments of the strata in different tracts of Wales and the adjacent 
English counties. 

The first of the vertical columns in this Table represents a more complete 
series than can be seen in any one consecutive natural section. It is a 
union of aU the known strata, as derived from various localities. A near 
approach, however, to this complete sequence of beds is observable in 
South Wales, as expressed in the second column, which country, including 
the neighbourhood of Llandovery (No. 4), together with Shropshire, Here- 
fordshire, and the border Welsh tracts of Montgomery and Eadnor (Nos. 5, 
6, 7, 8, & 9), constituted the original Silurian region. By observing this 
comparative view, we mark the attenuation, in some districts, of deposits 
which are expanded and interpolated in others, also that certain bands 
well exposed in limited areas are wholly omitted in other tracts. The 
inquirer has thus before him the condensed results of the long and labo- 
rious researches of the Geological Survey in unravelling the highly diver- 
sified conditions of the substrata in Wales and Siluria. 

In viewing this Table, it is to be recollected that in column No. 8 the 
ascending order might have been continued through the Ludlow rocks up 
to the Old Eed Sandstone, inasmuch as that succession is everywhere 
visible to the S.E. of the Wenlock Edge. By combining such an ascending 

Manual, has re- Old Red Fishes) in the lowest bone-bed affords 
j ^ original Ludlow bone-bed as part of no reason for separating it from the Ludlow rooks, 
the Old Red B^d^^ne. His ground for this seeing that this very band is filled with marine 
mamfioation is, that fossil Fishes here first appear. Shells unequivocallv of Silurian age, many of 
® u ^ ir® presence of Plectrodus which are found low down in the system, 

mirabihs and Onohus Murchisoni (neither of them 
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Bection as is seen in No. 1 (and whicli is everywhere apparent along the 
Silurian frontier) with the section from the Longmynd to the N.W. 
(No. 7), in which the lower divisions are fully developed, the geologist has 
before him, in Shropshire only, the whole Silurian system from its base to 
its summit, with the exception of the hiatus occasioned by the absence of 
a portion of the Llandovery Rocks explained at p. 89. In this same 
limited tract he also sees the most copious development of the Cambrian 
rocks known in Great Britain (the Longmynd), and finds, in short, nearly 
all the strata which by great undulations are spread over the Principality 
of Wales and various English cmmties ! 

A complete acquaintance with the numerous great dislocations which 
occur throughout the Silurian rocks can only be obtained by consulting 
the maps and sections of the Geological Survey. Reverting for a moment 
to such phenomena, the reader has only to refer to the section at p. 89 to 
see that, by the compound fractures of the crust in even the typical Silu- 
rian tract of Shropshire, the very oldest known sediments of the re^on are 
brought into contact with various overlying rocks. In that diagram, re- 
duced from the Survey Sections, we see, indeed, how different Upper 
Silurian rocks arc broken up and forced in between an upper member of 
the Lower Silurinn and the deep-seated Cambrian rocks of the Longmynd. 
And yet the geologist has only to follow the undulations of the Lower 
Silurian strata into Montgomeryshire to find the regular consecutive order 
reestablished between those rocks and the overlying strata; whilst in 
parts of Shropshire, Herefordshire, and South Wales the Upper Silurian 
rocks equally follow a clear ascending order. 

In terminating this sketch of the remarkable British Silurian region ex- 
hibited in the Map, and leaving the further description of the fossils for 
separate chapters, the following vignette is introduced, to represent at a 


Hook Point. 


Silurian Rocks op Marlobs Bay, pipping under the Old Red Sandstonb op Hook 
Point, Pembrokeshire. (From Sil. Syst. p. 392.) 

glance the only section on the sea-coast where a large proportion of the 
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Silurian rocks is seen to dip under the Old Red Sandstone. At the eastern 
end of St. Bride’s Bay, in Pembrokeshire, the Lower Silurian rocks, much 
dislocated, and associated with those bands of trap which form a striking 
outline in the Skomer Isles, plunge rapidly to the south-east, and sink 
under the strata of the mainland ; the latter consist chiefly of quartzose 
and schistose rocks, such as are well seen in Wooltack Pack, associated 
with much igneous matter. 

One of the highest of these broken bands (c), representing the Upper 
Llandovery rock, forms the foreground of Marloes Bay, — the chief clifts 
in the landscape being composed of schists and sandstones of considerable 
dimensions, all highly inclined to the south-east, as expressed in the 
preceding vignette. The upper portion of these strata (c?), comprising a 
few courses of impure limestone, contains the fossils of the Wenlock for- 
mation, and is covered by some equivalents of the Ludlow strata, in the 
condition of hard, siliceous, grey rocks, the whole being overlain in the 
distance by the Old Red Sandstone (e) of Hook Point 

* In the comer of the accompanying Map, attention is directed to an enlarged portion of this tract, 
in which the powerful dislocations to whicn the strata have been subjected are marked. 
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CHAPTER VIII. 

SILURIAN ROCKS OF BRITAIN 

BEYOND THE OBIOINAL TYPICAL EBGION — NAMELY, IN COBNWALL, THE NORTH-WEST OP 
ENGLAND, SCOTLAND, AND IRELAND. 

Though occupying large spaces in other parts of the British Isles, the Silu- 
rian rocks, as separated into formations and characterized by fossils, are 
nowhere so clearly defined as in the typical portion of the region of which 
we have taken leave. In no other tract of the United Kingdom have geolo- 
gists been able to show so clearly the relations of the different members of 
the lower fossiliferous rocks, nor so clear an ascending order from the Silurian 
into the next overlying deposit, the Old Red Sandstone or Devonian rocks. 

In Cornwall, for example, the discovery of certain fossils has proved that 
some of the quartzoso sandstones forming its southern headlands are Lower 
Silurian. The fossiliferous sandstone in question, passing to the south of 
the Dodman, and coining out to view in Gorran Haven, contains several 
species of Orthidac, as well as Trilobites, which characterize that division 

There, however, no one can show an unbroken descending sequence be- 
neath those beds, nor an ascending order from them to the younger deposits 
of Upper Silurian and Devonian ago ; and as largo portions of the strata of 
Coni wall have been highly altered and mineralized, so also is this southern 
tract much dislocated. In such a region, therefore, we cannot expect to 
meet with proofs of succession. It is sufficient to state that the band of 
grits and (piartzites in the south of Cornwall, which I termed Silurian 
in 1846, presents much of the character and aspect of the opposite rocks of 
Cherbourg and Brittany, which the French geologists have mapped and de- 
scribed as Lower Silurian (see Chapter XYII.). This is precisely one of those 
broken and insulated tracts of older sedimentary rocks where the geologist 
has no other test by which ho can recognize age than their imbedded 
organic remains. 

Professor Sedgwick, who visited the localities after I had described 
them, shows, indeed, that these strata are inverted, and overlie the De- 
vonian or Old Red rocks. The chief fossils defined by Sedgwick and 
M‘Coy t consist of the simple-plaited Orthidse so common in the Lower 
Silurian rocks (Pis. V. & VI.), viz. : Orthis calligramma, 0. flabellulum, 0. 
elegantula, and 0. testudinaria ; Strophomena grandis ; and the Trilobites 

* These fossils were collected by Mr. Peach; G^eological Map of En^and and Wales, published 
and, from their inspection and a visit to their by the Society for the jOifihsioa of Usefm Know- 
chief localities in 1846, I termed the rocks in ledge. 

which they occur Lower Silurian (Trans. Roy. t Sec Quart. Joum. Geol. Soo. Lond. vol. viii. 
GeoL Soo. Cornwall, 1846, p. 317) ; and as siirh p. 13. 
they were inserted in a new edition of my little 



146 


SILUBIA. 


[Chap. VUI. 


fiomalonotus bisulcatus, Calymene duplicata?, and Phacops apiculatus. 
These are all true Lower Silurian types of the Caradoc formation. 

In the north-western and mountainous part of England, the Silurian 
rocks appear in great force in the counties of Westmoreland and Cumber- 
land and the adjacent tracts of Lancashire and Yorkshire. ^ Though some 
of the members there assume a lithological aspect different from what 
they maintain in the Silurian and Welsh region, they have been clearly 
paralleled by several geologists with those original types. Professor Sedg- 
wick, who has most studied the Lake region (which I have also traversed 
on five occasions for purposes of general comparison), and who has described 
it in a series of valuable memoirs, has grouped the lowest fossiliferous 
limestones, or those of Coniston, with his Cambrian rocks, though during 
several years he identified them by means of the published fossils with the 
Lower Silurian and even with its upper portion. 

In truth, the region of Siluria, as geologists now admit, afforded the key 
by which the fossiliferous strata in the north-western tracts of England 
were brought into order and had their proper places assigned to them. 
In Cumberland, however, where the lowest members of this series rise up 
into the lofty mountains of Skiddaw and Saddleback, parts of these masses 
of schists, though simply of Lower Silurian age, are in the condition of fine, 
glossy, chiastolite slates. 

The lowest of these rocks had afforded no fossils except Graptolites and 
Fucoids, and were considered by Professor Sedgwick to be of as high an 
antiquity as the lowest Cambrian beds of North Wales. The researches, 
however, of Professor Harkness and Mr. Nicholson have ascertained that 
this is not the case. They have shown that these Skiddaw slates of Cum- 
berland are not even so old as the Lingula-flags of North Wales, but are 
of Lower Llandeilo age, as proved not only by containing the very same 
species of Graptolites which occur in that subformation, but also Trilobites, 
Orthid®, and other fossils which characterize that zone. In vain, there- 
fore, in such a country has the geologist sought for the equivalents of the 
bottom rocks, described in the earlier chapters as overlain conformably by 
strata with lingul® and Trilobites. Nowhere in the Lake region have the 
repeated labours of geologists or fossil-collectors detected the ^ primordial 
zone ’ of Barrande — or Lingula-flags. 

The Skiddaw (or Lower Llandeilo) slates are overlain by vast masses 
of green slates and porphyries, in which scarcely the trace of a fossil has 
been found, owing doubtless, in great measure, to a superabundance of 
igneous matter, which has been still more copiously given out in this Lake 
region than in the mass of the Llandeilo rocks of the typical region (see 
above, p. 79). To the south of these lofty and picturesque mountains, 
we come to the Coniston limestone, with its overlying flagstones. At that 
zone only do we begin to find a rich fauna ; and, judging from the organic 



€hap. vni.] SILURIAN ROCKS IN THE NORTH OF ENGLAND. 


147 


remains, it is clearly a representative of the Caradoc formation of the Lower 
Silurian rocks. For, among the fossils, the same species of simple-plaited 
Orthidffi, of Trilobites, and Corals are again met with which characterize 
the limestones *bf Bala in North Wales and the shelly sandstones of Caer 
Caradoc in Shropshire. 

In proceeding to the south and south-east from the more mountainous 
and crystalline part of this north-western tract of England, the Lower 
Silurian rocks are seen to be succeeded by younger deposits, which, though 
of very different mineral characters, unquestionably represent by position 
and fossils the Wenlock and Ludlow formations. I cannot more tersely 
and clearly express these relations than in the language which Professor 
Sedgwick himself applied to this region in 1845. “ Thus the fossiliferous 
slates,” he says, present, first, the Lower Silurian rocks in a very de- 
generate form, and secondly the Upper Silurians in a noble series ” *. 

Nor can I convey a better idea of the succession of rocks in this district 
than by referring the reader to sections and descriptions by the same author 
published in 1846, to be studied in combination with his memoirs of 1851-2. 
It is enough for me, on this occasion, to state that these show a conformable 
succession of deposits, from the Skiddaw slates and a vast thickness of green 
slates and porphyry, to a thin band of limestone (Caradoc or Bala) and a 
considerable thickness of overlying flagstone with Lower Silurian fossils, 
followed by the ‘ Coniston Grits,’ which Professor Sedgwick believes to be 
the equivalent of the May Hill sandstone. They are surmounted by a 
copious Upper Silurian series, in which the Wenlock and Ludlow forma- 
tions are recognized by their position and fossils, though, as before said, 
their mineral aspect differs much from that of the original types. 

This Upper Silurian series, forming the ridges on both sides of Winder- 
mere, and thence extending far to the south, consists in the lower masses of 
the Ireleth slates. These masses have a slaty cleavage oblique to the beds, 
are in parts calcareous, and have proved to be the equivalents of the Wen- 
lock formation, more particularly resembling certain schists in Denbigh- 
shire, which also assume a hard, arenaceous, and slaty character. Among 
other fossils the curious Graptolite, Ketiolites Geinitzianus, Barr., found in 
the Upper Silurian (Etage E) of Bohemia occurs in these slates. The 
overlying strata are sandy and pebbly. Then follow other coarse slates, grits, 
and flagstones, called by Mr.D. Sharpe ‘Windermere rocks,’ in which Lower 
Ludlow fossils occur, and a remarkable calcareous band, w^hich is seen at 
Underbarrow, Docker Park, <fec. This band, it is worthy of note, is charged 
with Starfishes similar to those which have been described as occurring in 
the Lower Ludlow rock of the Silurian region (p. 127). A very distinct 
representative of the Upper Ludlow succeeds, as proved both by position 
and fossils, but differs in being a sfliceous flagstone much harder than 
its equivalent in Siluria — in short, akin to beds of this age in parts of 

^ See Quart. Joum. Geol. Boo. Loud. \oi. L y. 443. 
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South Wales. The series terminates upwards in strata which, on the 
banks of the Lune and near Kendal, are the counterparts of the uppermost 
zone in the Silurian region, and are charged with numerous fossils, some of 
the most striking of which are large Crustaceans (CeratiocdHs, Eurypterus, 
&c., see p. 140)*. As the district around Kendal is now undergoing the 
critical survey of that experienced Silurian geologist Mr. Aveline, we may 
be sure that these rocks of Cumberland will be placed in precise correla- 
tion with the types of Shropshire and North Wales, and their outlines 
accurately defined. 

In this district, however, the ascending succession is interrupted t. In- 
stead of the complete series of the Old Red Sandstone, which has been 
described in Shropshire and Herefordshire, and a conformable gradation 
and passage upwards into its overlying sandstones and marls, the Silurian 
rocks of different age are at once unconformably fianked and overlapped 
by red masses, chiefly coarse conglomerates, which alone represent the 
great and complex Devonian group of other tracts. 

Isle of Man . — In correlation with their observations on the Lake country 
of Cumberland and Westmoreland, Messrs. Harkness and Nicholson have 
shown that the oldest rocks in the Isle of Man are of Lower Silurian age, 
and evidently of the same date as the Skiddaw slates, not only on account 
of their lithological character, but also from their containing the common 
Skiddaw fossil Palmochorda major 

Silunan Roclcs of Scotland . — In the early days of Scottish geology, its 
illustrious founders, Hutton and Playfair, considered the schistose moun- 
tains in the South of Scotland to bo void of all traces of life, until their 
able associate, Sir James Hall, detected a few fossil shells in a limestone at 
Wrae Hill, in Peebles-shire, which had been regarded as ‘ primary.’ The 
merit of transferring those strata to what was then termed the ‘ transition 
class ’ of rocks, or those recognized as old fossiliferous deposits, is also in 
great measure due to the late Professor J ameson ; for though he valued 
lightly organic remains, as was then usual with the scholars of Werner, ho 
gave a clear general view of the rocks. 

It was not until some years after the publication of the ‘ Silurian System’ 
that the researches of Professor Nicol first indicated the relations of the 
Wrae fossils and the associated schistose masses to the known members of 
the series § ; and since then other researches of that author, as well as 

The reader who desires to study the data by hitherto unnoticed inlier of Silurian rooks around 
which our present knowledge of tne geology of Dufton Pike). 

the Lake district has bt‘en acquired, must read t Besides this general transgression and unoon- 
the various memoirs of Professor Sedgwick in formity, it has been pointed out by Professor 
the Proceedings of the Geological Society, vol. ii. Sedgwick that the ‘ Old Bed ' contains many frag- 
p. 675, and the Quart. Jomm. &fiol. Soc. vol. i. ments of the Silurian Tilestones, which must have 

vol. viii. pp. 36, 1^; the tdemoirs of l4r. 1). (Quart Journ. Geol. Soc. vol. i.p. 449). 

Shanu*, Proc. Geol. Soc. vol. iv. pp. 23, 70; those T Quart. Journ. Geol. Soc. vol. xxii. ii. 488. 

by Professor Phillips, Geol. Irans. 2nd ser. § For a complete historical ski'tch, see a notice 

voL iii. p. 1, and vol. iv. p. 95; and Professor by Mr. Hugh Miller (‘Witness’ newspmier, No- 
Harkness’s important descriptions of the rooks vember 24th and 27th, 1862). A single fossil was 
and fossils of Cumberland and Westmoreland, found, but not described, by Laidlaw, the firiend 
in the Quart Joum. Geol. Soc. vol. xix. p. 113, of Walter Scott; and Orthoeeratites were after* 
&o. (where, with Mr. Salter, he describes many wards discovered by Mr. Charles Maolaren in the 
Silurian fossils now to the ooimtry), and in Pentland Hills, and noticed in his excellent work 
vol. XX. p. 235 (where he gives an aocoimt of a ‘ The Geology of Fife and the Lothians,' 1889. 
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of Sedgwick, Moore, Cunningham, Stevenson, Harkness, the officers of the 
Geological Survey (particularly Air. Geikie), and myself, have brought the 
Scottish masses into a distinct comparison with their true types. 

Silurian rocks, and especially those of the lower part of the series, are now 
known to occupy a very large region in the South of Scotland. Ranging 
on the whole from E.N.E. to W.S.W., they appear in considerable masses 
in Berwickshire and Roxburghshire, and thence spread out in still larger 
areas over the counties of Selkirk, Peebles, Dumfries, Kirkcudbright, Gal- 
loway, Wigt(jp, and Ayr. In short, they constitute, on the whole, the 
undulating moory hills which, from their prevalent wildness of aspect, 
have been called the South Highlands (or Southern Uplands). Subjected, 
as they have been, to numerous eruptions of granite, syenite, porphyry, 
greenstone, and other igneous rocks, some of those ancient schists have 
long been known to geologists for the remarkable curvatures they exhibit 
in the sea-cliffs of Berwickshire. A drawing is subjoined which repre- 
sents such flexures and breaks, as seen in the cove called Petticoc Wick, 
near St. Abb’s Head*. 



View of the Cliffs near St. Abb's Head. 
(From a Sketch by Sir A. Alison, Bart.) 


As numerous similar contortions are visible also in the western prolon- 
gation of the same great series to the coast of Wigton and Ayr, we ought 
to be cautious in determining sections across the interior portions of a re- 
gion where the surface of the round and undulating hills is obscured by 
moss, heath, and bog, and where exposures of the bare rock are rarely to 
be met with. 

Difficult, however, as it has been to flx upon the oldest portion of these 

^ The woodcut is taken from one of several companions. This coast has since been mapped and 
rapid, clever sketches made in my note-book, in described in detail by Mr. GeiUe, ‘Memoir on the 
the autumn of 18;I3, by Sir Archibald Alison, the Geolo^ of Eastern Berwickshire ’ (Mem. Geol. 
historian, from a Ijoat in which Sir John Hall of Surv. 1864, p. 6 et ssf.). 

Dunf^lasa and Professor Sedgwick were also my 
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inland masses of the Scottish grey- 
wack^, we have now reached that 
starting-point. When traversing 
the tract between Dumfnes and 
Moflfiat, in 1850, it occurred to me 
that the dull reddish or purple 
sandstone and schist to the north 
of the former town would prove to 
bo the true axis of Jfic South of 
Scotland t; for this mass (similar 
to much of the hard rock of St. 
Abb’s Head) evidently throws off 
anthracitic schists, with Grapto- 
lites, both to the south and to the 
north. Professor Harkness estab- 
lished this order, after my visit, 
by detailed sections in that parallel, 
ranging by the Dryfe W ater J . The 
same author has also communicated 
a memoir to the Geological Society, 
wherein he traces this axial line 
from the E.N.E. in Eoxburghshire 
to the W.S.W. across Dumfries- 
shire, where, covered for a space 
by the red sandstone (Permian) of 
Corncockle and Dumfries, it seems 
to trend to the granitic mountain 
called the Criffel, in Kirkcudbright- 
shire §. 

Professor Nicol, who first opened 
out the proofs, both physical and 
fossiliferous, that the South Scottish 
Hills are really Silurian, has satis- 
fied himself that this true axis of 
the oldest and as yet unfossilife- 
rous rock ranges by Teviotdale ||. 
Proceeding from that centre, he 
prepared the annexed general sec- 
tion, which (minor flexures being 
omitted) exhibits a short ascending 

t Quart Joum. OeoL Soo. vol. Tii. p. 162. 

i Ibid. vol. vii. p. 62, and voL viii. p. 893. 

? Ibid. voL xii. p. 238. 

11 Meeting of British Association, Belfast 1852. 
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section to the Cheyiot Hills on the south, and a very long one to the 
Pentland Hi l ls , near Edinburgh, on the north. 

This traverse shows in the clearest manner an upward development from 
the lowest divisions of the series ; so that, after placing other transverse sec- 
tions in parallelism with it, whether along the east coast or from Dumfries 
and MofiPat, we will then pass to the west coast, where we meet with 
higher and much more fossiUferous masses of the Silurian system. 

Casting his eye over the foregoing diagram*, the reader will understand 
the comparison which is drawn between these Scottish strata and those of 
the typical region of SUuria and Wales, described in the second, third, and 
fourth Chapters. 

Beginning with the rocks which form the axis of Roxburghshire and 
Dumfriesshire, it is seen that they are of purplish or dull red colours, and 
that, whether sandstones or alternating purple and grey schists, they are 
absolutely of the same composition as the bottom rocks of the Silurian re- 
gion. Until a few years since, no fossils had been found near this Scottish 
basement rock; but in 1854 Sir W. Jardine detected Protovirgularia in 
purplish shale which, in the parish of Applegarth, lies immediately to the 
south of the axial line. At Binks in Roxburghshire, about three miles 
N.E. from Moss Paul Inn, and in the same range. Professor Harkness 
observed physical evidences of deposits formed in very shallow water, in 
the ripple-marks, cracks of desiccation, and fine alternations of sand and 
mud. On one of the grey-coloured layers of the latter he detected in 1855 
the track of a Crustacean, a drawing of which is here given, it being the 

Fossils (24). Track op a Crustacean. 


Impressions of the feet and 
of the sternal or the caudal 
portion of the body. 


earliest sign of animal existence which we have obtained in Scotland. The 
creature which left these markings was possibly a shrimp-like Crustacean, 
as suggested by Professor Harkness, and analogous to the Hymenocaris 
(Salter) of the Lingula-flags, of which a sketch is given (p. 44). The cu- 
rious impressions above figured are not at all unlike those far larger prints 
which Prof. Owen has so well described, and which were found by Sir W. 
E. Logan in the Potsdam Sandstone of Canada (Quart. Geol. Joum. vol. 
viii. p. 214). In this case, however, it would appear that a single pair of 

* Beduoed from a lar{(e coloured section exbi' section conveyiim the true relations of the rooks in 
bited at the Belfast Meeting of the British Asso- the Pentland BLiUs. (See Prooeedii^ of Boyal 
oiation for the Advancement of Science, 1852. Society of Edinburgh, vol. v. p. 850.) This section 
Since this section was made, the region at its shows how the Lower Silurian are succeeded by 
north-western end has been the subject of a de- strata containing Wenlook and Ludlow fosailB. 
tailed survey by Mr. Geikie; and he has given a 
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legs successively produced the imprints (not four or five or more, as in the 
Canadian tracks) ; and they are most likely to have been tnade by an animal 
swimming with difficulty in very shallow water, such as Prof. Harkness 
shows from physical evidence to have been the condition of the locality 
(Quart. Geol. Joum. vol. xii. p. 243). The reader will find in the fifteenth 
Chapter, which treats of the Continental rocks of Silurian age, that the 
lowest fossiliferous rocks of the Thiiringerwald contain Protovirgularia 
associated with Nereites. 

Although the axial dome, a, of purple rocks, for the most part arena- 
ceous, throws off schists to the south as well as to the north, and though on 
both sides anthracite and traces of Graptolites have been found in the beds 
marked the Silurian rocks are soon lost in the former direction under 
the red sandstone (Permian) north of the Solway Prith, or the Old Eed 
and Carboniferous formations or porphyries of the Cheviot Hills. To the 
north of the axis of the Teviot, a long ascending section is presented to the 
observer, though it must bo presumed that there are many flexures which 
are not marked in the diagram. In this direction the schists and grey- 
wacke, 6^ which are in parts alum-slates (Etterick), may represent in 
time, as suggested by Professor Nicol, the schists of North Wales with 
Lingulae, though as yet the Scotch strata have afforded no such fossils. 
These arc surmounted by other schists, hero and there containing thin la- 
minae of anthracite, 6®, which formerly gave rise to the notion of coal being 
subordinate to those rocks. It has been surmised that this anthracite re- 
sulted from the carbonization of Sea- weeds, or possibly of Graptolites and 
Annelidcs ; but the discovery by Nicol of some imperfect reed-like Plants 
in the rock, with a minute vascular or tubular structure in the burnt 
residue, of the anthracite, has led to the suggestion that some sort of grassy 
vegetation existed on the adjacent lands, or some Zostora-like plants in the 
sea, during this ancient period. 

The anthracitic schists, 6^, contain a few Phyllopod Crustacea f and many 
so-called Annelide-markings ; they form the base of a vast thickness of 
graptolite-schists, which, after a synclinal flexure in the Yarrow Hills, 
show another anticlinal in the valley of the Tweed, 5*. Whilst the Thor- 
nielee slates, with their Graptolites and Annolide-marks (Nereites, Crosso- 
podia) &c., are inclined southward, the Grieston slates, on the north bank 
of the anticlinal, plunge to the north, and then for the first time in ascend- 
ing order we find Trilobites in addition to the Graptolites and Annelides. 

Associated with felspar-porphyries (the whole representing the trappean 
and graptolitic group of North and South Wales), these rocks rise into 
mountains 2200 feet above the sea ; and from them the sources of the 
Clyde, as well as of the Tweed, take their rise. Thence, the northern dip 
being continued, the whole of the preceding masses are seen to be overlain 

t See Quart. J oum. Geol. Boc. vol. viii. p. 391. Woodward has recently described another eenns 
A larger species than those referred to has since of these Crustacea from the same shales (Quart. 
l>een found by Professor Harkness; and Mr. H. Joum. Geol. Soc. vol. xxii. p. 603). 
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by the Wrae limestone of Peebles-sbire, 5*, which, from its organic remains 
(Trilobites and Shells), has been paralleled with the Llandeilo limestone*. 

AU the associated schists and other strata were therefore termed Silu- 
rian by Professor Nicol (1846), the more so as the fossiliferous limestone 
reposed on schists containing Graptolites. In pursuing this traverse north- 
wards, other overlying schists and slaty rocks are seen to overlie the Llan- 
deilo (?) limestone of Wrae, though these are soon lost under and covered 
over by the Old Red Sandstone, /, and the Carboniferous formation of the 
Lothians, g. Beneath those deposits, /, we know not what -flexures may 
occur in the subjacent or older rocks of the great intervening trough ; but 
on reaching the Pentland Hills, hard schistose strata are again met with, 
nearly parallel to those wc have left, and, like them, inclined to the N.N.W. 
at high angles. Under these circumstances only, it would bo difilcult to 
assign to the constituent strata of the Pentland Hills any more definite 
place in the series than that of Upper Silurian. Previously to the year 
1839, the late Mr. Charles Maclaren had found an Orthoceras in these 
strata, which most resembled a Wenlock species ; in 1858 Mr. Geikie 
detected Rhynchonella comprossa, also a Wenlock species ; and from this 
evidence it was inferred in the last edition of this work that these Silurian 
rocks of the Pentland Hills were of Wenlock age. Since that time Mr. 
Geikie has shown that they contain representatives of the Ludlow rocks, 
as will be pointed out a little further on. 

A second traverse of the chain, near the eastern coast, or towards the 
sea-board of the Lammermuir HiUs, exposes the lower members of the 
scries just described. There the Teviotdale anticlinal axis, a, is marked 
by the course of the Lower Tweed. The purple schist seen to the north of 
Berwick, the outlines of which have been sketched (p. 150), appears, there- 
fore, to belong to the same bottom rocks of the series. Further north- 
wards, higher beds, the equivalents of the Peebles-shire groups, occur ; and 
in these, on the Dye near Byreclugh, Mr. Stevenson of Dunse f has found 
a Graptolite, an obscure Coral, and slates with Annelide-impressions. As 
these beds lie in the line of strike of the Gricston and Thomielee slates, 
they probably coincide with them in age. The predominating dip of the 
strata is to the north-west, showing a general ascending section, notwith- 
standing the numerous convolutions, which are beautifully seen on the 
coast, and have been already adverted to. This region has recently been 
mapped and discribed in detail by Mr. Geikie, during the progress of the 
Geological Survey in Scotland J. He notices the occurrence of Graptolithus 
priodon at Siccar Point, of Diplograpsus pristis in dark shales at the head 

* Among the fossils of the Wrae limestone Foss. Mus. Cambridge/ pp. 248, 374, &o. 
found by Trofessor Nicol are : — IlleBnus Bow- t See Proc. Geol. Soc. Loud. voL iv. pp. 29 and 
ir»w.TiTii, Salter; Horpes parvulus, Asa- 79; and Quart. Jouro. Geol. Soo. Lond. vol. vi. 

phus tyrannus, Bil. Syst ? ; a species of Phaoops ; p. 418. I long ago examined the purple greywaokb 
Cheirurus ; Orthoceras arcuoliratum, Hall ; Or- or bottom rook, near Dimse, in company with Mr. 
this oalligramma, Dalman; O. biforata, Sohlot- William Stevenson. 

heim ; Btrophomena tenuistriata, Sil. Syst. ; J See Geology of Eastern Berwickshire (Mem. 
Salter, in Quart. Jonm. Geol. Boo. Lond. vol. iv. Geol. Burv. 1864), chap, ii., and Geology of East 
p. 206, and Professor MKJoy in the ‘ Brit. Pal. Lothian (i6. 1866), chap, ii. 
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of LaudorHale, and of Annelide-tracks both at Siccar Point and at several 
parts of the valley of the Dye Water. His memoirs contain the most de- 
tailed account which has yet been given of any part of the Silurian region 
of the South of Scotland, and may be referred to as illustrating the con- 
tortions, foldings, metamorphism, and intrusive rocks of the Silurian series 
in this part of the kingdom. 

A third traverse of the South-Scottish Hills, made along the line of the 
Caledonian Railroad *, exhibits the same general features, and many of the 
same details^ as the preceding parallel sections. The Dumfries axis of the 
older and unfossiliferous grey wack^, as before stated, throws off anthracitic 
and graptolitic schists southward to Lockerby, and to Moffat on the north. 
The details of these must be sought for in the memoirs of Professor Hark- 
ness, who has shown to what a great extent some of the schists are charged 
with Graptolites. Among them may be cited the wide-spread forms of 
the Llandeilo flags — Diplograpsus pristis, D. folium, D. tcretiusculus, and 
Graptolithus Sagittarius, all found in the older rocks of Sweden, also Grap- 
lithus lobiferus, a Bohemian fossil, with other species found in Lower 
Silurian strata elsewhere in the British Isles, or peculiar to these deposits. 
Twenty-five species have already been enumerated from this district 
alone t. (See Foss. 12. p. 61.) 

All these rocks, anthracitic and aluminiferous, which are charged with 
Graptolites and Annelides, dip northwards from Moffat to Abington, and 
thus pass under other masses visible in this direction. The latter, which 
occupy the tracts of the Lead Hills and other lofty summits, are metallife- 
rous schists, in parts much altered, and penetrated by felspar-porphyries 
with other igneous rocks. They were celebrated for yielding gold-ore in 
the reigns of the Fourth and the Fifth James of Scotland. Associated 
with, or rather overlying them, is a rude breccia, partly calcareous, which 
may possibly represent the Wrae limestone of the diagram at p. 150. But 
further northward other and still thicker strata of Silurian age are visible, 
which are overlain by the Old Red Sandstone and coal-fields of Lanark- 
shire. Though satisfactory in exhibiting a good ascending succession from 
the base of the sedimentary series, I consider this section less perfect, in 
carrying out the order to beds on or above the horizon of the LlEindeilo 
limestone, than that which is figured above (p. 150). 

The fourth, or west-coast traverse, from Luce Bay across Wigtonshire 
and part of Ayr, does not develope the order of the lowest masses, but adds 
much to our acquaintance with the more fossiliferous strata of the 
system, by exhibiting beds more copiously charged with fossils than any 
other Silurian rocks in Scotland J. 

* Prof. Nicol and myself examined this section I Accompanied by Professor Nicol, I examined 
together in 1850. See Quart Joum. Geol. Boo. this tract in 1850. Our fossil-collector was the 
vbl. Tii. p. 137 . late Alexander M'Callum, of Girvan, who searched 

t B^ Harkness, Quart Joum. GeoL Soc. eveiy locality with frreat assidui^. See details in 
▼oL m. p. 48 ; and M‘Coy, Paheozoio Fossils of my Memoir on the Silurian Books of the South of 
the Cambridge Museum. Scotland, Quart. Joum. G«ol. Soc. voL vii. p. 137. 
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So contorted and fractured are the strata of the southern part of the 
series, that it is indeed no easy matter to place them in their exact relative 
places — even after much labour bestowed on the coast-sections of his native 
county (Wigton) by my friend Mr. John Garrick Moore. The black glossy 
slates of Cairn Ryan, and certain red schists, might lead us, from analogy, 
and from their containing the same species of Graptolites, to suppose that 
they represented the older portion of the previous sections, which lie above 
the Longmynd or bottom rocks. On the other hand, they are associated with 
a coarse conglomerate containing pebbles of granite and porphyry, with here 
and there blocks two feet in diameter ; and this conglomerate so much re- 
sembles a rock of the Ayrshire district about to be described, which clearly 
dips under certain fossiliferous schists (of Kennedy’s Pass), that the pebble- 
beds of Wigton and Ayr may be eventually placed on the same parallel. 
Along the coast, however, from Correrie Bum to the Stincher River, they 
are separated by so much igneous rock that it becomes impossible, without 
long and continuous labour, to coordinate the dismpted masses. 

With the northern portion of this section I am best acquainted, and to 
it I now eall attention. From the mouth of the Stincher to Kennedy’s Pass, 
south of Girvan, the emptions of porphyry, greenstone, and syenite are 
indeed on a grand scale (Knockdolian, Bennan Head, (kc.). Owing to these 
great extrusions from beneath, the Silurian strata, accompanied by much 
serpentine and many metamorphosed schists*, have there been thrown into 
at least three flexures within the distance of a few miles, on each of the 
axes of which, or on the Stincher, Assell, and Girvan Rivers, limestones of 
the Lower Silurian age are brought to the surface. These schists and 
limestones are overlain in the contiguous troughs by other rocks, one por- 
tion of which consisting of coarse conglomerates, and another of shelly 
sandstone, represent parts of the Caradoc rocks; whilst certain sandy 
and calcareous flagstones seem, by their fossils, to be equivalents of the, 
Llandovery rocks, and to indicate a passage into the lower member of the 
Upper Silurian. 

Referring for details to the memoir above cited, I will here very briefly 
describe some of the salient features of these Ayrshire deposits. The lime- 
stones on the Stincher and the Girvan Rivers contain the following fossils ; 
— Orthis calligramma, 0. confinis, Leptsena sericea, L. quinquecostata, 
Cheirurus gelasinosus, species of lUaenus and Asaphus, Pleurorhynchus 
dipterus, and Corals of the genera Heliolites, Favosites, Omphyma, Stre- 
phodes, <kc. 

Most of the above species are Caradoc types ; and with them is also found a 
species of the genus Maclurea of Hall, which is characteristic of the Chazy 
limestone, one of the marked Lower Silurian deposits of North America. 

* The igneous and metamorphio rocks of this gards as metamoi^hio I stiU consider to be of 
tract have recently been described in considerable igneous and eruptive origin, not only from their 
detail by Mr. James Geikie, of the Geological composition and structure, but from the part ^ey 
Survey, in the Quart. Joum. Geol. Boo. vol. zzii. play in dirtorbing the sedimentary strata, 
p. sis. Scnne oi the rooks which Mr. Geikie re- 
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Certain fine, micaceous, dark-grey, shelly sandstones, in the MuUoch 
TTill on the right bank, and in the Saugh Hill on the left bank of the 
Girvan Water, contain among other fossils the following species : — 


Pentamerus oblongus; a variety of Atrypa hemispheerica ; Orthis reversa; 
O, hiforata ; 0. elegantula j Rhynchonella angustifrons ; Strophomena pecten ; 

Bellerophon dilatatus; Murchisonia 
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cancellatula, a beautiful fossil; M. 
simplex, a Welsh species; Trochus 
Moorei ; together with the well- 
known Silurian Corals Heliolites 
interstinctus and H. tubulatus, Pe- 
traia subduplicata, Favosites alveo- 
laris, Ptilodictya (Stictopora, Hall) 
acuta, or Pt. coatellata. 

Most of these species occur in 
the Llandovery rocks, and parti- 
cularly Pentamerus oblongus and 
Atrypa hemisphserica, which are 
the most abundant of the shells. 
There is also Rhynchonella (or He- 
mithyris) angustifrons of M‘Coy, 
a species before mentioned (p. 88) 
as occurring in the Lower Llan- 
dovery rocks of Wales. Again, 
among the Trilobites, we have here 
Liehas laxatus, common in the 
limestone at Bala in North Wales, 
and, in the very same matrix, 
Calymene Blumcnbachii. Now, 
although the last-mentioned Crus- 
tacean has been found throughout 
nearly the whole system else- 
where, it is by far more common 
in the Upper than in the Lower 
Silurian. Besides, it is here asso- 
ciated with Phacops Stokesi and 
Encrinurus punctatus, both of 
them fossils of the Llandovery 
rocks, and 'abundant in the Wen- 
lock formation. The shales of Pen- 
whapple Glen contain a large Or- 
thoceras, which Professor M^Coy 


tons has designated 0. poHtum, asso- 

ciated with Lower Silurian Grap- 
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tolites. Here, also, we have OrthocerajS augulatum, Wahl., an Upper 
Silurian form. On the other hand, there is a large species not to be dis- 
tinguished from 0. vaginatum, Schloth., so common in the Lower Silurian 
of Scandinavia and Russia, and in addition 0. bilineatum. Hall, a Lower 
Silurian fossil of America. .The genus Cyrtoceras is also found here ; and 
with these Cephalopoda occurs a thin, finely striated Discina, the D. crassa 
of Hall, which is found also both in the Caradoc and the Llandeilo beds of 
Wales. There are, moreover, double and single Graptolites, both belonging 
to Lower Silurian species. So that in Scotland, as in England and Wales, 
and particularly as we ascend in the series, we meet with rooks in which 
the upper and lower types are mixed together. During the last three 
years the Geological Survey has been at work in Ayrshire ; and Mr. Geikie, 
who has mapped the Girvan district here referred to, has famished me 
with the annexed section (p. 156). 

Another section, also prepared by Mr. Geikie, shows the detailed relations 
of the rocks in the tract north of Girvan and on both banks of the river. 

Section across the Vale of Girvan at Dailly. 

N.W. Dalquhar- S.B. 

ran Coal- Girvan 

Quarrel Hill. field. Water. Hadyard Hill. 



a. Carboniferous Limestone with coal-seams, h. Calciferous Sandstone series of the 
Carboniferous Formation, c. Reddish and greenish (Middle ?) Old Red Sandstones and 
Conglomertites. d. Intersiratified fclspathic trap-rocks, e. Sandstones, shales, and 
conglomerate.^ (Llandovery), g. Caradoc shales, mudstones, conglomerates, and lime- 
stone. h. Shales and greywacke : Caradoc or Llandeilo. /, /. Faults. 

Although this is no place for lithological details, a few words must be 
said of a very striking conglomerate which lies low in the order of the 
stratjv Among its rounded and waterwom pebbles, varying in size from 
musket-bullets to blocks of two and three feet in diameter. Professor Nicol 
and myself distinguished upwards of twenty varieties of rock. They con- 
sist of small specimens of earthy greywacke, and larger blocks of hard 
siliceous greywacke, lydian- stone, hornstone, felspar-poi'phyries of various 
colours, greenstone, syenite, and granite. 

Such conglomerates, which may be indicative of the powerful and long- 
continued action of waves on a coast, are, however, only to be viewed as 
local phenomena, and may therefore be looked for in various parts of this 
ancient series in Scotland, just as they have been shown to occur at 
various levels in the Silurian rocks of England and Wales. They occa- 
sionally appear, indeed, in the coarse grits of the Longmjmd or bottom 
rocks; and coarse conglomerates occur in the same nnfossiliferous sub- 
jacent greywacke (Cambrian) of Carnarvonshire. 

The shelly Silurian beds of Ayrshire being covered towards the north by 
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the Old Bed and CarboniferouB deposits, there is no evidence in that tract 
of a younger order of things beyond what may be viewed as a transition 
fh)m the Lower to the Upper Silurian. 

On the opposite side of the South-Scottish axis, however, the highly 
convoluted strata which form the southern headlands of Kirkcudbright 
Bay (Balmae Head and Little Ross), and the rocks on the east side of the 
Bay, are, judging from their fossil contents, of the age of the Wenlock 
shale. Hard and intractable as the Ireleth slates of Cumberland, which 
have been placed on the same parallel, and containing only very rarely 
nodules slightly calcareous, these argillaceous and siliceous schists have 
yielded a good many fossils. In them we find, it is true, the Lower Silu- 
rian forms, such as Orthoceras tenuicinctum (Chap. IX.) and Leptaena' 
sericea ; but from the same beds Mr. Salter has catalogued the following 
Upper Silurian types : — Phacops caudatus, Beyrichia tuberculata ?, Ortho- 
ceras annulatum, Chonetes lata, Rhynchonella nucula, Pterinea lineatula, 
Grammysia cingulata. With these are associated other fossils, which per- 
vade nearly the whole system, such as Atrypa reticularis, Halysites cate- 
nularius, Graptolithus priodon, and Bellcrophon trilobatus. The last fossil, 
which in England occurs in the uppermost Ludlow rocks, is associated, 
in Ireland, with lower types. 

In this way we have no moans of defining, with greater precision, the 
age of the tbssil-bearing promontories of Kirkcudbright than by saying 
that they overlie the great mass of the older Silurians, and contain a 
younger fauna. They appear, in short, to bo more referable to the Wen- 
lock than to the Ludlow formation. Through the discovery of the upper- 
most Silurian rocks in Lanarkshire (which are about to be mentioned), it 
might rationally be surmised that the time was when there existed also 
on the southern side of the Dumfries axis, a large and visible upward de- 
velopment of the youngest Silurian rocks, which ranged from the south 
of Scotland to meet the equivalents of the Wenlock and Ludlow rqgks of 
the Cumbrian or Lake district of England — all which deposits are now 
concealed beneath the sea. 

But on the immediate shore of the Bay of Kirkcudbright, all such links 
have been omitted ; for there the lower part of the Upper Silurian scries, 
as just described, is at once unconformably overlain by strata of the Car- 
boniferous era^. 

* The phenomenon of the nnooufonnable super- upper beds being conglomerates and coarse sand- 
pontion of the Carboniferous strata (with Moun- stones. Professor Niool and myself examined 
tain-limestone fossils &o.) to the Silurian rocks, Balmae Head in 1851. Mr. Stevenson described 
along the coast of the parish of Kerrick, in Kirk- the nodular shale of Little Boss Hea^ Ed. 
cudbright, has been uesoribed in detail by Mr. Phil. Journ. vol. xxzv. The organic remains above 
Harkness, in a memoir read before the Geological alluded to were collected by the Earl of Selkirk 
Society, April 1853. This author exidains by sec- and Mr. Fleming. After describing the rooks of 
tions the extreme curvatures of all the rooks which this small island, and showing that they contained 
he oomdders to be Upper Silurian, and parts of Gr^tolites, both double and single, as well as 
which he shows to have been shore-depositB. He Orthoceratites, &o., Mr. T. Stevenson, the eminent 
further indicates the dykes of porphyry which engineer, correctly inferred, sixteen years ago, 
protrude, and has endeavoured to mark the line of that these strata were of Silurian age (Edinb. 
•epamtion ^tween the Lower and Upper Silurian, New Phil. Joum. July 1842). 
which on the whole rise up to the N.N.W., their 
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Upper Silurian BocTcs of jE^m&ur^^A/rtf.-^Eeference has already been 
made to the Silurian rocks of the Pentland Hills, When the last edition 
of this work was published that portion of Midlothian was under exami- 
nation by Mr. Geikie, in the course of the Geological Survey of Scotland. 
Since that time he has brought to light a large number of fossils which 
place the Upper Silurian character of the deposits beyond question. He 
has also furnished me with the following account of the locality : — 

“ During the progress of the Survey of the Pentland Hills I was fortu- 
nate enough to stumble upon a number of beds, among the Silurian rocks, 
charged with well-preserved fossils. An examination of these fossils by 
Mr. Salter showed that many of them were Ludlow species, and that a 
representative of the Ludlow rock had now been detected in a new locality. 
The strata are well seen both on the North Esk and the Lyne Waters, as 
well as in several smaller bums. Taking the ‘Section in the Esk, the fol- 
lowing series in descending order may be traced ; — 

“ Overlying unconformable cbnglomcrate, greywack^, and trappean rocks, 
belonging to a middle part of the Old Bed Sandstone. Bed Sandstones, 
shales, and conglomerates, marking perhaps the base of the Lower Old 
Bed Sandstone, passing down into : — 1. Olive and brown sandy shales and 
mudstones, often full of well-preserved fossils. Thickness perhaps about 
1000 feet. 2. Hard sandstone and quartzose grit, with Orthonota amyg- 
dalina &c. 3. Olive and brown sandstones and shales, passing down into 

green, grey, and reddish shales, with hard sandstone and greywack^ bands 
Dictyocaris sometimes abundant. Visible thickness about 2500 feet, when 
the beds are unconformably overlain by the first-mentioned conglomerates. 
The following are some of the fossils of the upper beds ; — 

“ Chondrites verisimilis (a true Sea-weed), Ampliispongia oblonga, Stenopora fibrosa, 
Favosites alveolaris, Protaster Sedgwickii, Encrinurus, sp., Phacops Stokesii, Pterygotus 
aeuminatus, Entomis, Ceriopora granulosa, Atrypa reticularis, Orthis elegantula, Stro- 
phomona applanata, S. deprevssa, Leptaana transversalis, Orthonota amygdalina, Euom- 
phaliis ^inatug, Orthoceras Maolareni, O. subundulatum, Conularia Sowerbyi. 

‘‘ These and other fossils are given in the Appendix to the Memoir on 
the Geology of the Neighbourhood of Edinburgh (Mem. Geol. Survey, 1861, 
p. 132). Since that memoir was published the list has been considerably 
increased, by Mr. G. C. Haswell and other members of the Edinburgh Geo- 
logical Society*. While the upper part* of the Pentland section may be 
regarded as of Ludlow age, it is evident that there is room for a represen- 
tation of the Wenlock series also. This is rendered probable by the number 
of Wenlock species which have been obtained from these rocks.” 

The Orthoceras here figured (p. 160) was detected by my distinguished 
Mend the late Mr. Charles Maclaren, and has been named 0. Maclareni, 
It formed part of the collection of the eminent geologist Hugh Miller, 
who lent it to me for publication. 


See a Memoir by Mr. Haswell on the Pentland Hills, 1865. 
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Fossils ( 25 ). 



Orthooeras Maclareni. Found in 
the Upper Silurian strata of the 
PentLand Hills. 


Lanarkshire , — Unacquainted with any of the intermediate strata which 
may be found when these Upper Silurian rocks shall be traced from Edin- 
burghshire on the E.N.E. to Lanarkshire on the W.S.W., I satisfied myself 
that in the latter county, to the west of Lesmahago, there is an ascending 
passage upwards from clay-slates with calcareous nodules and a rare Ortho- 
ceras, into black schists with large Crustaceans, which manifestly stand 
in the place of the uppermost course of the Ludlow rocks of Shropshire. 
This important fact was discovered by Mr. Robert Slimon of Lesmahago. 

The relations of these dark-grey schists to the inferior rocks, as weU as 
to the overlying Old Red Sandstone, are seen on the banks of the Nethan 
River and other tributaries of the Clyde, particularly the Logan Water. 

The accompanying diagram (p. 101) will fully explain the relations of 
these Upper Silurian rocks to the overlying masses of Old Red Sandstone 
and Carboniferous rocks. It was in the beds a that Mr. Slimon detected 
the remarkable Crustaceans which I then acquired ]^om him, and which, 
being deposited in the Museum of Practical Geology, were first partially 
described by Professor Huxley and Mr. Salter in the Journal of the Geo- 
logical Society, as a sequel to the memoir wherein the geological relations 
of the tract were explained by myself*. 

Rising out from beneath the Lower Old Red, upon the Logan Water 
banks, these dark -grey beds occupy precisely the same horizon as that 
appermost zone of the Silurian rocks of Shropshire and Herefordshire 
which includes the Bone-bed and the Downton Castle building-stone, and 
to which, where it graduates up into the Old Red, the names of ‘ tile- 
stones’ and ‘ passage-beds’ have been given, as before explained. We have 
Bven the characteristic shells of the zone — Platychisma helicites and lin- 
gula cornea. 

The large Crustaceans which Shiefiy characterize the dark clay- slate, 6, 
belong to those Pterygoti which occur, as we have seen, at intervals 
throughout the Upper Silurian rocks and are strikingly prevalent in their 
uppermost beds. In the woodcut at p. 162 are represented the principal 
species discovered in Lanarkshire. They appear to be specifically distinct 

* Professor Bamsay and myself visited the looa> vol. xii. p. 17). Since that memoir was printed, 
Uties near Lesmahago accompanied by Mr. Eobert Mr. G-eime has published a more detailed account 
Slimon; and afterwards preparing the aooom- of the structure of the Upper Silurian rooks and 
panyi^ section, I published it in a short me- Lower Old Red Sandstone of the Lesmahago tract 
moir deaoriptiYe of the general relations of the (Quart. J oum. Q-eol. Soo. vol. xvi. p. 812). 
depoeits in this tract (Quart Joum. Oeol. Soo. 



Diagram exhibiting the general relations op the Upper Silurian Rocks to the overlying Paleozoic strata in the 
PARISH OF Lesmahago. (From the Quart. Joum. G^eol. Soc. vol. xii. p. 17.) 
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* Such as Anns and Nebalia. 
t See Pal. To a Woodw. Mus. PI. I. E. fig- 7 ; 
Quart:. Joum. Geol. 8oo. vol. ix. p. 13; and ii\frat 
p. 236, for a proof of Prof. M‘Coy’8 acumen in 


from any of the forms known on the 
same horizon in England. 

The near alliance of these large 
Crustacea to some of the minuter 
recent forms has been fully explained 
by Professor Huxley in the memoir 
above mentioned, and will be touched 
upon in the Chapter on Organic 
Remains. The number of species 
must have been very great, more 
than twenty being known in Bri- 
tain. 

With them are associated, not only 
in Lanarkshire, but in Shropshire and 
Westmoreland, other, very curious, 
shrimp-like animals, apparently al- 
lied to the Phyllopodous Crustacea of 
the present day ♦. They have been 
called Ceratiocaris by Prof. M^Coy ; 
and the fine specimens collected in 
the South of Scotland and other lo- 
calities have clearly shown that to 
this genus must also be referred those 
singular spine-like prongs which tho 
same author described under tho 
name of Lcptocheles. A figure of 
the genus, as restored, was ^ven in 
the Quart. Joum.Geol. Soc. for 1850, 
vol. xii. p. 33 ; and tho fossil will be 
figured in Chapter X.t 

The reader who refers back to the 
figure of Hymonocaris vermicauda of 
the Lingula-flags (p. 44), will see 
that animals of the same general 
form were in existence in the earliest 
time of the Silurian epoch. 

Fragments of largo Crustaceans of 
the group of EurypteridaJ (Bur- 
meister), to which the Pterygotus be- 
longs, have also been found in the 
* Tilestones ’ of Westmoreland ; and 

distinguishi^ some of these Crustaceans from the 
defences of Pish. • 

I See Polssoz. FossUs, Woodwardian Museum, 
Fasc. 1. 
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in these localities they are accompanied, as in Scotland, and at Ludlow , 
Kington, &c., by the small Lingula cornea. 

. Fossils (26). Ceustacka and Shells op the uppermost Ludlow Rocks, 

Lanarkshire. 



1. Pterygotus bilobus, Salter ; half the natural size. 2. Portion of a body-joint, to 
show the peculiar sculpture. 3. Swimming-foot^ natural size, but with the large basal 
joint incomplete. Fig. 4 shows a pair of these great foliaceous joints, with their inner 
serrate edges (the true mandibles are only indicated by their palpi in dotted lines, fig. 1). 
[In this restoration the body is rather too narrow, and has one segment too few.] 

5. Head (reduced to ono-ha^ of Slimonia acuminata, Salter. 6. Tail of the same 
(reduced to one-fourth). 7. Tail and a few body-joints of Eurypterus lanceolatus. 
8. Lingula cornea, Sow. 9. Platychisma helicites *, Sow. 

In Southern Russia (Podolia) similar large Cngtaceans, analogous to 
Pterygoti, were found in strata lying beneath’’rocks which are known to 
he of Devonian age ; and to one of these Dr. Fischer gave the name of 
Eurypterus tetragonophthabnus. M. d’Eichwaldf has detected several 
species, one of which ho figures as Eurypterus remipes t, Dekay, in the Isle 
of CEsel in the Baltic , — L e, in a limestone which my colleagues and myself 
referred to the highest Silurian stage, and which Professor Schmidt of 
Dbrpat has shown, by many of its fossils, to be an exact equivalent of the 
Upper Ludlow rock §. In the Horth, therefore, as in the South of Russia 

• * Formerly regarded aa a Trochus. I Prof. J. Hall, of Albany, refers this speoixnen 

t Bull. Soe. Imp. Nat Moscou, 1864, vol. xrvii. figured by d’Biohwald to B. tetragon(mhtnalmiiB. 
P* 1^- $ Mnrohiaonin Jonm.Qaart Oeol. BoavoL xiii. 
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the zone under consideration, when clearly exposed, is everywhere charac- 
terized by large and peculiar Crustacea, no one of which has ever been 
found in the Lower Silurian rocks. 

In North America it has been long known, from the writings of Dekay, 
Harlan, and Hall, that both Eurypteri and Pterygoti occur in a black, so- 
called greywacke slate at Westmoreland in Oneida County, New York, which 
will probably be found to be on the paraUol of the Upper Ludlow rock. And 
even in Canada, as we learn from the collections of Sir W. E. Logan, species of 
Eurypterus or Pterygotus occur. The discovery of the large Eurypterida 
in the same geological zone in other distant regions is therefore peculiarly 
satisfactory. 

Wherever these large Crustaceans are found, and with them small lin- 
gulsB and Spiral Shells, we may be sure that we are at or near the very 
summit of all rocks to which the term Silurian can be applied, and that 
the next overlying stratum belongs to the first great era of Pishes, the 
Devonian or Old Red Sandstone. 

Altered {Metamorjpkosed) Lower Siliirimi Bocks, arid their Sujperjpodtion 
to Cambrian and Laurentian Bocks, in the North-western Highlaruls , — ^In 
the preceding brief sketch of the older strata of the south of Scotland, I 
have made few allusions to the igneous rocks which have been intruded 
among the Silurian deposits. In numberless cases, however, whether around 
the granite of Criffel and Caimsmuir, or the porphyry of Tongucland im- 
mediately to the north of Kirkcudbright, the schists which are in contact 
with such eruptive masses arc so highly metamorphosed, that no one who 
looks at the efiects can doubt as to their cause. 

The view of much more extended metamorphism in the North of Scot- 
land (due to a much grander cause) was indeed suggested by mo in 1861 *. 
I then endeavoured to show that certain bands of clay-slate, and of chlo- 
ritic and micaceous schist, forming the southern zone of the Highlands, 
with their interstratified limestones, were probably nothing more than 
metamorphosed Lower Silurian rocks, similar in age to the unaltered strata 
of the South of Scotland, and which, ranging parallel to them, come out to 
the surface again in broad undulations, associated with many granitic and 
other eruptive rocks, to the north of the great central Caledonian trough of 
Old Red Sandstone and overlying coal-fields f. 

One of these great imdulations, which occur in the rugged mountains of 
the west, called Argyll’s Bowling-Green, exhibits an axis of mica-schist 
throwing off to the north and south great thicknesses of chloritic schist and 
altered sandstone, with included and regularly stratified limestones, all 
trending from W.S.W. to E.N.E., parallel to the Silurian rocks of the 
South of Scotland. 

In a subsequent memoir. Professor Nicol supported this idea, which he 
had long entertained, by striking facts and good reasoning. Describing 

^ See Quart Joum. G-eol. Boo. vol. vii. p. 168. t Ibid. p. 100. 
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the geological structure of Cantyre, and stating that the so-called mica- 
slate of that tract is only a partially altered micaceous sandstone, which 
seems almost to pass upwards into the Old Eed Sandstone, he shows how 
all the other crystalline strata conform to and bend round the granitic nu- 
cleus of Goatfell in Arran. In confirmation of the probable identity of 
some of the crystalline strata of the north with the Silurian rocks of the 
south, he mentions the illustrative fact that calcareous matter prevails 
most extensively towards the western extremity of both groups of rocks. 
In the South-Scottish Silurian strata no calcareous beds are known at 
their eastern termination ; limestone only begins to appear in feeble 
courses in Peebles-shirc, near the centre of the chain, and becomes very 
abundant (as above described) in Ayrshire. It is the same with the crys- 
talline strata of the north. In the coast-section from Stonehaven to 
Aberdeen, no calcareous bands occur ; in Forfarshire and Perthshire 
several arc known ; they become still more abundant in the north of 
Argylcshire ; and in Cantyre (as in Ayr) we have a great group of lime- 
stone rocks. 

These views of the metamorphosis of the Lower Palaeozoic deposits into 
those stratified crystalline rocks which occupy so large a portion of the 
Highlands of Scotland have, since the publication of the first edition of 
this work, been reduced to a certainty as respects the north-western part 
of Suthcrlandshire, by a discovery made by Mr. C. Peach. That keen-eyed 
collector, though residing far off at Wick, had, in a rapid excursion to Dur- 
ness, detected there certain fossil shells in the crystalline limestone, which 
in that region is subordinate to quartz-rock. Now, according to Sedgwick, 
myself, and other geologists, including M‘Culloch these quartz-rocks and 
limestones, associated with and passing under micaceous and gneissose 
schists, and resting upon ancient gneiss, are overlain on the east coast 
by the whole series of the Old Red Sandstone, which is made up of the 
materials of such preexisting crystalline rocks : these will be treated of 
hereafter. 

Judging, then, from their relative geological position, of which, after an 
interval of twenty-eight years, I reassured myself by a visit during the 
summer of 1855 , I had little hesitation in suggesting that these rocks 
were of Lower Silurian agef. In them my companion Professor Nicol 
and myself detected an Orthoceratite, but too imperfect to be referred to 
any known species. The Whorled Shell first discovered by Mr. Peach, 
many polished sections of which were examined, threw indeed a little 
more light upon the subject ; and specimens which the same zealous and 
unrivalled collector subsequently detected in these rocks, having been exa- 
mined and described by Mr. Salter, established the correctness of my view. 

The large Whorled Shell, one of which is here drawn, has proved beyond 


* See Sedgwick and Mnrohison. Trans. Geol. Boo. n. s. voL iii. p. 125. 
t See Beport of British Association, 1855, Glasgow, Trans, of Sections, p. 85. 
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a doubt to be a true Lower-Silurian Maolurea. The upper surface of the 
shell is shown in Foss, 27. f. 1, and its lower surface in t 2. The species 
differs from M.magna(Hall) of North America in the slight convexity of the 
whorls beneath, and from M. Logani (Salter) of Ayrshire, Foss. 40. f. 1, by 
the greater number of turns of the spire. The operculum, Foss. 27. f. 3, is of 
a most peculiar form, as may be seen by comparing it with that of M. Logani, 
Foss. 40. f, la. It is almost spiral ; and this greatly helps to strengthen 
the opinion of the late Dr. S. P. Woodward*, that the genus may be one 
of the most ancient forms of the Hudista, a group not previously known 
to occur below the horizon of the Oolitic formations. See also page 198. 

With this Maclurea, so decided in its bearing upon the age of the rocks 
in which it is imbedded, are associated other forms no less confirmatory of 
the identity of this group with the Lower-Silurian rocks of North America. 
They are here grouped in the same woodcut, in order to explain at a glance 
the general fossil contents of these Highland rocks. 

Ophileta compacta, Foss. 27. f. 4, the smooth Orthoceras with large com- 
pressed siphuncle, f. 6, others with an annotated surface, and a species of 
Oncoceras, f. 5, all closely resemble fossils of the Lower-Silurian rocks of 
North America, which range from the Calciferous Sand-rock up to the 

Fossils (27). Lower Silurian Shells prom tub North-western Highlands. 



1. Maclurea Peachii, Salter, upper side. 2. The same, haver surface. 3. The long, 
twisted operculum ; two views. 4. Ophileta compacta, Salter. 6. Oncoceras, sp. 
6. Orthoceras, with compressed siphuncle, like a Canadian species. 

Trenton Limestone, both inclusive. Thus, for example, although the Onco- 
ceras, f. 5, is specifically distinct from any published American species t, 
yet, when taken with the forms above enumerated, and particularly .with 
Ophileta compacta, which is identical with a Canadian species, there can 
be no doubt that these Highland strata occupy the horizon assigned to 
them. It is also to be observed that these Scottish and American rocks 
resemble each other, to a great extent, in mineral composition as well as 
in their fossil contents. 

The lower quartz-rock of this group in Sutherland is characterized by 

* Manual of the Mollusoa, p. 202. t Bee Hall, Fal. New York, vol. i. pi. 41. 
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abundant traces of Annelides — ^both the large Soolithus linearis (Quart. 
Joum. GeoL Soc. vol. xv. p. 368) and the minute shelly Annelide which is 
here figured. 

Fossils ( 28 ). Annblide-tubbs prom the North-western Highlands op Scx)tland. 


Small, thick, shelly tubes 
of Annelides (Salterella 
MaocuUochii, Salter). 



Collected from the Lower 
Quartz-rock of Durness, 
Sutherland, by Mr. C. 
Peach. 


Although the tube of this Salterella (BiUings) is thicker in proportion 
than in any known Serpulites, it was provisionally referred in my last edi- 
tion to that genus, and named, at my request, Serpulites MaccuUochii by 
Mi, Salter, after the distinguished geologist who first noticed it 

These fossil-bearing beds of Sutherland are clearly and conformably 
covered by other crystalline rocks, whether consisting of quartzose mica- 
schists and fiagstones or younger strata having the characters of gneiss. 
One of the chief objects of my last visit to the Lower-Silurian limestones 
of Durness and Assyntf was to be satisfied, by another appeal to nature, 
that there were quartz-rocks above as well as below the fossiliferous lime- 
stone. Such a succession, followed symmetrically upwards by mica-schists, 
flagstones, and a younger gneiss, was again seen on the eastern side of 
Loch Eribol, where that physical order was observed thirty-one years ago 
by Sedgwick and myself. In 1859, in company with Professor Bamsay, I 
trsiced the same relations from Loch Eribol on the N.N.E., along interve- 
ning spots to the east end of Loch Stack and the western end of Loch More, 
and again in tracts lying on and to the east and south-east of Loch Assynt, 
— a distance along the strike of not less than forty miles from N.N.E. to 
S.S.W. Another proof of the soundness of this general view is seen in the 
fact that when the older or fundamental gneiss reappears amidst the over- 
lying strata, as between Loch Durness and Loch Eribol, it throws off 
quartz-rocks and limestones to the N. W., and places them in a basin, — a 
fact observed by Mr. Peach, hut which escaped the notice of former ob- 
servers. Now, if the fundamental gneiss had been thus protruded to the 
surface in other and more eastern places, similar reversals of the dip might 
have been looked for ; but no such basin-shaped arrangements are seen to 
the east of the tracts where the order of succession has been described; and 

* Speakine of these obscure little fossils, in a Cmstaoea on the Kyle of Durness are now dig- 
Lecture on the Geology and Scenery of the North ging in the sand wasned out of these very rocks, 
of Scotland (1866), Professor J. Nicol says (p. 31), The same sand is now lying in the same place, and 
** In the quartzite period organic life undoubtedly beings of like organization are still burrowing it 
existed. Twosoore years ago Dr. Maccullocn out for food or shelter. Yet the mind almost 
pointed out curious conical hollows, ending in refuses to grasp the myriad ages that have inter- 
long pipe-like bodies. These he described as vened. The poor worm or insect in its daily oocu- 
Worm-holes, the prototypes of those seen on the pation was building itself a monument ‘ sere pe- 
shore, where the ^bworm sinks into the sand rennius’ — a tomb more enduring than king or 
1 (Geol. Trans, vol. iL kaiser. The moral needs not be m-awn.'* 

P.* , V* We have seen other, smaller holes iden- t Orthoceratites have been detected by Mr. 
tical m form with the holes which some small Peach and myself in Assynt. 
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hence it follows that the older gneiss cannot be supposed to be reproduced 
as a surface-rock in the lofty mountains of the Central Highlands with- 
out calling in faults and inversions of stupendous dimensions. Wherever 
faults exist, it has been shown by Mr. Geikie and myself (Quart. Joum. 
Geol. Soc. vol. xvii. p. 193) that the order of superposition which I have 
indicated is always maintained. Again, if the Laurentian gneiss had been 
brought anew to the surface in the Central Highlands of on the east coast, 
we should expect to find it with the same characters and direction as in the 
west, and equally surmounted by Cambrian conglomerates and Lower Si- 
lurian quartz-rocks and limestones. But this is never the case ; and the 
truth is, that all the rocks we see on the west coast are deeply buried, as 
we advance to the east and south, under fiag-Hke micaceous strata, which 
are veiy dissimilar to the old Laurentian gneiss. 

The granitic veins of the north-west coast are, indeed, essentially dif- 
ferent from the massive granites of the east. The former are subordinate 
to a rock which underlies the oldest conglomerate and sandstone of the 
British Isles, whilst those of the south-east penetrate and alter strata that 
are evidently nothing but mica-schists and quartzose fiagstones, which, 
though essentially difierent from the old gneiss at certain distances from 
such granitic intrusions, have necessarily some resemblance to them at such 
points of alteration and contact. Yet, that these mica-schists and fiaggy 
beds of the east really overlie aU the inferior masses of older gneiss, Cam- 
brian sandstones, and Lower Silurian quartzites and limestones, no one can 
doubt who proceeds from Aosynt, by Strath Oikel and Lairg, to Bonar 
Bridge. Ho will there see that all the Lower Silurian rocks of the north- 
west and west are covered by a flag-like micaceous series of very different 
and uniform structure, the strata of which dip steadily to the E.S.E., par- 
ticularly on the banks of the Oikel, until they are broken through by the 
younger granitic masses in question, and are at such points necessarily both 
altered and much dislocated. 

Again, if some one should suggest that the quartz-rock of the Scarabin 
Hills of the south-eastern part of Caithness may represent the old lower 
quartz-rocks of the west coast, I would beg him to examine the structure 
and relations of the two, and he will abandon that idea. The quartzites 
of the west are manifestly altered sandstones which, whether they lie 
upon purple Cambrian conglomerate and sandstone or on the ancient 
gneiss, are quite distinct from the pure quartz-rock of the Scarabins, 
which is simply a mass of the grey overlying quartzose rocks void of lime- 
stones, and metamorphosed by the powerful eruptions of granite which, 
enveloping all such stratified rocks on the banks of the Langwell and 
Berridale Bivers, jut out on the coast in the bold promontory of the Ord 
of Caithness, where the passage of the granite into compact felspar-rock 
may be admirably studied. 

However, therefore, certain details may hereafter be settled, this great 
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feature of tlie reform in the classification of the older rocks of the North of 
Scotland stands out among the most prominent geological advances which 
of late years have been made in Britain ; and I rejoice that the hypothetical 
views I had for some time entertained were home out by a rigorous appeal 
to nature, as now attested by my associates Professors Bamsay and 
Harkness and Mr. Geikie. 

As the age of the limestones and quartz-rocks of the North Highlands, 
with their associated mica-schists &c., has been a qumtio vexata — the 
lamented Hugh Miller having hypothetically suggested that they might be 
the representatives of the Old Bed Sandstone and Caithness flags of the 
east coast, and Professor Nicol having at one time considered them to be 
metamorphosed Carboniferous rocks* (neither of which views can be sus- 
tained) — ^it is satisfactory to me to find that the old view of Professor 
Sedgwick and myself, with respect to their relative physical position, has 
been supported by other observers and the independent evidence of fossils. 

This discovery of North- American Lower Silurian fossils in the northern 
extremity of Scotland is also of deep importance in general geological rea- 
soning ; for it will be hereafter shown that many of the same species of 
organic remains in rocks of this age extend throughout certain latitudes, 
over areas very remote from each other — or, in other words, that the 
Scandinavian, British, and North- American f Silurian rocks have the same 
typical characters. 

When the first edition of this work was published, I entertained the 
belief, in common with my early associate Sedgwick and our precursor 
McCulloch, that the striking mountain-masses of red conglomerate and 
hard grit on the north-western coast of the Highlands J, which rest in 
layers more or less horizontal on low and gnarled bosses of highly inclined 
and ancient granitoid gneiss, as represented in the vignette atp. 170 , were 
really a part of the Old Bed Sandstone of Scotland §. Be-examination, 
however, of those tracts ||, compelled me to abandon that view. I then 
saw that these conglomerates, resting on the oldest or granitoid gneiss of 
the Highlands, as around Loch Assynt, were really inferior to those quartz- 
rocks and limestones in the prolongation of which to the north coast of 

* Quart. J oum. Geol. Soo. vol. p. 36. merate and grit as underlying to some extent the 

t The CTeat Maolurea of the Lower Silurian quartz-rooks and limestones of Sutherland. At 
rocks of Ayrshire has been identified by Professor that time no one had l^gun to classify any fos- 
M‘Coy with the M. magna. Hall ; and in Ireland, siliferous strata below the Old Eed Sandstone 
one of the Lower Silurian Trilobites is an Ameri- and all the old Scottish conglomerates, which are 
can species, the Isotelus gigas, Dekay. now being referred to Cambrian, Silurian, or De- 

I My first visit to the west coast of the High- vonian ages respectively, were then grouned with 
lands was made in 1826, accompanied by Lady thi^ Old Ked Sandstone. Having been prevented 
Murchison, during which my attention was almost from detecting the unconformity on the west coast 
exclusively devoted to descriptions of the Oolitic which has since been notice^ we naturally con- 
and Liassio strata of the E.^d W. of the High- eluded, with M‘Culloeh and others, that the con- 
lands (see Trans. Oeol. Soo. 2nd ser. vol. iL p. ^3 glomerate of the west coast was of the same age 
«M5). In the following year Professor Sedgwick as that on the east,— an error which will be 
and myself made that survey which enabled us to specially dwelt upon in the 11th Chapter, when 
write the memoir upon the Old Red Sandstone of treating of the Old ]^d Sandstone 
Scotland, which is printed in the Q-eologioal Trans- $ See M'Culloch’s Western Islands of Scotland • 

actions (n. s., vol. ui i>. 163). Although we en- Cunningham’s Mem. Highland Society, vol. xiii’ 
coimtered bad weather m Assynt, which prevented p. 73 ; Nicol, Joum. Ge^. Soo. vol xiii p 17 
us from ^urate distinctions among the fl Accompanied by Professor J. Nicol, in 1866 

rooks of that tract, we even then noted a conglo- 
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Sutherland Mr. C. Peach detected 
those fossils which enabled me to 
suggest that they belonged to the 
older Silurian rocks (p. 164). (See 
the coloured Frontispiece to the 
volume.) 

The age of the fossiliferous rocks 
being thus definitely settled, it fol- 
lowed that the subjacent red sand- 
stone, grit, and conglomerate must 
form either the base of such Lower 
Silurian, or belong to the remoter 
Cambrian era. Now, from obser- 
vations which I made in 1858, it be- 
came certain that the first of these 
views could not be entertained ; for 
it was clearly demonstrated that the 
lowest beds of the Silurian quartz- 
rock series overlap transgressively or 
unconformably the edges of the sub- 
jacent sandstone and conglomeratef. 
By this phenomenon we are taught 
that an interval elapsed between the 
completion of the pebbly and gritty 
beds that constitute the upper masses 

t Although Professor Nicol and myself saw 
clearly, in the summer of 1855, the ir\jTaposition 
of a red conglomerate and sandstone to the 
quartz-rocks and limestones of Assynt (as ob- 
served also by Hugh Miller), wo were prevented 
by storms from sufficiently extending our obser- 
vations to ascertain if there was any break be- 
tween these t\»o deposits. Being aware that my 
friend Colonel James, B.E., the Su}ierintendent 
of the Ordnance Survey, was about to explore 
these tracts on a tour of duty in the following 
summer, and knowing his talent as a fleld-geolo- 
gist, I requested him to look to the relations of 
the beds ; and 1 have much pleasure in stating 
that I was first made acquainted by him with the 
fact of the unconformabilitw of the younger to 
the older formation along the flank of Suilvein 
(July 1856). Later in that summer, Professor 
Nicol observed the same phenomenon on a laiger 
scale, and ascertained that it extended over 
a lareer area of the western shores of the 
Highlands. Bee his memoir ‘ On the Bed Sand- 
stone and Conglomerate and the sunerposed 
Quartz-rock, Limestone, and G-neiss of tne N.W. 
coast of Scotland,' Quart. Joum. Geol. Boo. Lond. 
vol. xiii. p. 17 &a, with clear and accurate sec- 
tions. It IS right to remark that part of the over- 
lying group here spoken of as raeiss is merely 
one of the Lower Silurian rooks more altered 
than the other strata of quartz, marble, &o.y 
and is of a very different ohara^r firom the 
immeainirably older granitoid laurentian gneiss, 
which is represented m the accompanying sketch 
and section as forming the buttresses on which 
the red sandstones and conglomerates of Cam- 
brian age are seen to repose. 
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of the momitains represented in the following vignette, and the commence- 
ment of the deposit of those sandy and calcareous beds, since converted 
into quartz and marble layers, in which the Lower Silurian fossils were 
entombed (c' & of the section, p. 169). 

It followed, therefore, that the subjacent red sandstone and conglome- 
rate, 6, reposing upon the most ancient gneiss of Britain, are to be con- 
sidered of the same date as the similarly constituted purplish-red and 
pebbly sandstones of the Longmynd, which, in the t 3 q)ical region of 
Shropshire, underlie all the Silurian strata (p. 24). There, however, as 
well as around Harlech in North Wales, these Cambrian rocks graduate 
upwards into the supeijacent Silurian rocks; and the period occupied in 


Canisp. SuilTein. Coulmore. 



Mountains on tub West Coast op Sutherland and Ross. 


The above pictorial view, from a sketch in my possession taken by that accomplished 
Highland chiefltainess the late Duchess Countess of Sutherland, represents the three 
isohited mountains of Canisp, Suilvein, and Coulmore. The strata of red sandstone 
and conglomerate (now known to be Cambrian, b of the preceding section) may be di- 
stinguished by the horizontal lines marking the stratification. The lower buttresses of 
the mountains are composed of the ancient gneiss with granite veins {a of the section). 

Hugh Miller’s description of these great masses of red and chocolate-coloured con- 
glomerate and hard sandstone, which are seen reposing upon the oldest gneiss of Scot- 
hind, and which, as above explained, are overlain in their range to the north by the 
Lower Silurian quartz-rocks and limestones of Assynt and Durness, is so eloquent and 
so true that I gladly cite a portion of it. “ Rising over a basement of rugged gneiss 
hills, that present the appearance of a dark tumbling sea, we deserv a Ime of stupendous 
pyramids from 2000 to JIOOO feet in height, which, thoi^h several miles distant in the 
b^kground, dwarf, by their ^eat size, the nearer eminences into the mere protube- 
rances of an uneven plain. Their mural character has the efiect of adding to their 
apparent magnitude. Ahnost devoid of vegetation, we see them barred by the lines of 
the nearly horizontal strata, as edifices of man’s erection are barred by their courses of 
dressed stone ; and while some of their number, such as the peaked hill of Suilvein, 
rise at an angle at least as steep and nearly as regular as that of an Egyptian pyramid, 
in height and bulk they surpass the highest Egyptian pyramid many times. Their 
colour, too, lends to the illusion. Of a deep red hue, which, in the light of the setting 
sun, brightens into a glowing purple, they contrast as strongly with the cold grey tone 
of the gneiss tract beneath, as a warm-coloured building contrasts with the earth-tinted 
street or roadway over which it rises.” 
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the development of the formation of lingnla-flags fills np the interval 
which is marked by the break in the North-west of Scotland. The 
Durness fossils are of the Lower Llandeilo age, and indicate a zone 
younger than the Potsdam Sandstone of North America^ which I regard as 
equivalent to the lingula-flags of England, the Alum-slates of Scandinavia, 
or the ‘ Zone primordiale ’ of Barrande. It is therefore a fair inference 
that in the North of Scotland the base of the Silurian system is represented 
by the lowest quartz-rock (c^ of the preceding section, p. 169), which is 
seen to repose transgressively on the Cambrian rocks. 

In following these metamorphic strata from Sutherland along the west 
coast of Ross-shire, in the years 1858, 1859, 1862, (fee., I entertained no 
doubt that the crystalline Hmestones on the shores of Loch Keeshom, Loch 
Carron, Loch Alsh, and Loch Duich, with tlje associated chlorite-schist, 
mica-schist, and quartz-rock, are of the same age as the lower quartz and 
limestone of Sutherland, like which they are also overlain by the rock 
mapped by McCulloch as gneiss (c* of the section). To satisfy myself on this 
point, I traversed the lofty watershed which separates Kintail from Strath 
Glass, ascending from inverinat through the striking pass the Bealloch of 
Kintail, to Loch Affric, and there found a vast thickness of regularly 
bedded gneissose, micaceous, and quartzoso rocks, all of which have the 
same strike as the fossiliferous rocks of Sutherlandshire, and which, 
despite of undulations, have also a prevalent dip to the E.S.E. 

The foregoing long section (p, 169) shows the general relations of all these 
North-Scottish rocks, from the most ancient Laurentian gneiss, through the 
Cambrian and Lower Silurian to the summit of the Old Red Sandstone on 
the eastern coast *. In addition to this illustration, it is of primary im- 
portance, towards a full comprehension of this great branch of my subject, 
that the reader should also have before him a diagram, drawn by my asso- 
ciate Mr. Geikie after our joint examination of the Highland rocks in 
1862, which shows the extension of the metamorphosed Silurian strata 
of the Highlands by anticlinal and synclinal folds, and correlates them 
with their unaltered equivalents in the South of Scotland. Instead of 
presenting a mass of disorderly rocks from which no system could be 
evolved, the Scottish Highlands are found, on examination, to consist of 
mountains and valleys in which the same geological laws are followed as 
among those where the strata are in no way metamorphosed. Hence we 

* In the summer of 1859 I induced mj friend the Laurentian G-neiss from the younger gneissose 
Professor Bamsay to accompany me to the West* rooks of the Highlands ; and, in consequence of 
em Highlands to test the accuracy of the con> his opposition, 1 went with Mr. Oeikie, in I860, 
elusion at which I had arrived respecting the to reexplore the region in question. The long 
separation of the younger gneiss and mica-slate memoir we published (Quart .Joum. Geol. Boo. 
from the Fundamental Gneiss, by the interpola- vol. xvii. p. 171^, with many diagrams, has, 1 trust, 
tion of fossiliferous Lower Silurian and Cambrian settled the dilute. Professor Harkness, after 
rocks. He not only supported me in my view, two surveys oi the Highlands, had indeed ar- 
but assured me that the fundamental gneiss of rived at some of the same results. Bee Quart 
n^ section must unquestionably be the equivalent Joum. Geol. Boo. vol. xvii. p. 266. This view was 
of the Laurentian system of Logan in British first placed on record by me in a Geological Map 
North America, a survey in which county he of the Highlands (Quart Joum. GooL Boo. vol. 
had just made Ymder the guidance of Sir W. zv. p. 853); and subsequently it has been more 
Logan. Professor Niool is the only geologist, as closely and accurately defin^ in the Geological 
far as I know, who has opposed the separation of Map of Scotland, by Mr. Geikip and myself (1862). 
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discover that the quartz-rocks, lime- 
stones, and great overlying gneissose 
masses of the north-west undulate 
in vast folds or waves across the coun- 
try, until, along the Highland fron- 
tier, they pass under the Lower Old 
Red Sandstone. TThe details of this 
structural arrangement were sketched 
by my colleague and myself in the 
paper already referred to, and are 
further illustrated in the sections 
given along the margin of our Geo- 
logical Map of Scotland. From these 
sections, as well as from that which he 
has now prepared, it will be seen that, 
just as the metamorphosed gneissose 
and slaty rocks pass under the Old Red 
Sandstone along the northern margin 
of the broad central lowlands, so 
from its southern margin, unmeta- 
morphosed grits, greywackes, and 
shales rise from under the Coal-fields 
and Old Red Sandstone, and undu- 
late in an unbroken series of anticlinal 
and synclinal curves up to the English 
Border. Hence the metamorphic 
rocks of the Highlands arc, in all 
likelihood, the geological equivalents 
of the unaltered Silurian rocks of 
the Southern Uplands. 

Silurian Rocks of Ireland . — Rocks 
which, from their included organic 
remains, must be classed as Silurian 
occupy considerable portions of Ire- 
land, whilst certain stratified crys- 
talline masses of this kingdom are 
also probably (as in the Highlands 
of Scotland) of the same age. 

In a retrospect of the progressive 
steps in the classification of Irish 
Palaeozoic rocks, allusion is first due 
to the veteran geologist Weaver*. 

* Seo Trans. Geol. Soo. Lond. vol. v. p. 117; 
2nd ser. vol. t. p. 1 nq. 
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The earliest publication, however, in which ’any of the fossilB of very 
ancient date were illustrated was the valuable detailed Survey of parts of 
the North of Ireland by the late General Portlock, who, from a small district 
of schistose greywack^, near Pomeroy in Tyrone, described a multitude of 
interesting types, which enabled him distinctly to class these strata mth 
the Lower Silurian group *. 

When the first edition of Griffith’s great Geological Map of Ireland 
appeared, the eidstence of rocks containing fossils of this age had been 
ascertained in a few localities only, the term Silurian being restricted by 
him to the precise spots from which those organic remains were obtained ; 
and an important work on the ‘ Silurian Fossils of Ireland ’ was printed 
in 1846, under his auspices. But the progress of research, of late years, 
on the part of Sir Eichard Griffith and his assistants, has much extended 
the areas in Ireland m which Silurian fossils occur, and has prodigiously 
increased the lists of organic remains. 

The labours of the Government Surveyors, first under Professor Oldham, 
and now directed by Mr. Jukes, have since led to a still more methodical 
elucidation of these rocks. In this way it has been ascertained that in 
the one term of ^ greywacke,’ the following masses were grouped : — First, 
the Cambrian or duU-red and purplish schist and grey quartzite, to the 
south of Dublin, the equivalent of the Longmynd, in which no other 
fossils, as before stated, haVe been found, except Fucoids and two spe- 
cies of Oldhamia (p. 29). Occupying the headlands of Bray, the moun- 
tains of the Sugarloaf, and the gorge of the Dargle, to the south side 
of Dublin Bay (and probably many other parts of the kingdom), these 
older or bottom rocks have recently been determmed to bo overlapped 
unconformably by all the overlying fossiliferous strata to which the term 
Silurian has been applied. With this physical severance, so completely in 
contrast to the order of succession in Shropshire and North Wales (p. 31), 
there is, as might bo expected, an absence in Ireland of the band of Lingula- 
slates, which in other countries occupies the intermediate horizon. 

The first recognizable strata which overlie thc^ purple schists with 
Oldhamia are dark slaty strata which at intervals are found to contain 
undoubted Lower Silurian remains. These fossiliferous schists occur in 
large but broken bands in the counties of Wicklow and Wexford, and 
reappear from beneath the Old Eed Sandstone and Carboniferous Lime- 
stone in the cliffs of Waterford to the south of the Bay of that name. 
Flanked as these Lower Silurians are, on their western side, by the 
dominant ridges of eruptive granite that form the Wicklow Mountains, 
they are there either in a crystalline or subcrystallino state, and thus 
exhibit a third condition of the greywack^ of old authors, which in the 
new maps of the Geological Surveyors is distinguished by a darker tint. 

The silvery sheets of the well-known waterfall of Powerscourt are pre- 

* See Report on Londonderry and parts of Tyrone and Fermanagh. Dublin, 1848. 
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cipitated over higlily inclined crystalline chloritic and micaceous schists of 
this class, which in Ireland are probably the equivalents of the crystalline 
rocks of Anglesea (see p. 35). In the central parts of the South of Ireland, or 
on the western side of the granite of the Wicklow Hills, the limestones and 
schists of the Chair of Kildare, which are replete with fossils, or the schists 
on the flanks of the Slicve Bloom Mountains, are classed as Lower Silu- 
rian* ; so also are several masses of these rocks at Portrane to the north 
of Dublin, and especially near Pomeroy in Tyrone, the richly fossiliferous 
locality just stated to be the first clear Silurian type described in Ireland t- 
It is truly remarkable that so many of the characteristic Lower Silurian 
fossils should have been detected by the late General Portlock in this small 
tract and another, of no larger dimensions, in Permanagh, Several of the 
Trinuclei and other Trilobites, such as Phacops, Calymene, and lUaenus, are 
identical in species with those of Caradoc (or Bala) age from Shropshire 
and Wales ; and so is it with the simple-plaited Orthidee, LeptacnsB, and 
StrophomensB, some Spiral Shells, and many Orthocerata (Plates I.-XI.). 
Commingled, however, with these are peculiar forms which were first made 
known from this district, and are very rare indeed in any other tract of 
the British Isles. Such, for example, are the Trilobites figured in 
the Tenth Chapter, the Bemopleurides, Harpes, Amphion, and Bronteus. 
Such also are the smooth forms of Asaphus, called Isotelus by American 
authors, which in Ireland, and on the other side of the Atlantic, are very 
abundant, whilst they are exceedingly rare in Wales or England, and are 
not known on the Continent 


Fossils (29). Lower Silurian Trilobites, Ireland. 


1. Asaphus 
(Isotelus) gi- 
gas, De Kay; 
anditslabnuD. 




2. Styginala- 
tifrons, Portl. 

3. .Eginami- 
rabilis, Forbes. 


In Wexford, Waterford, and at the Chair of Kildare, the older strata 
have been so much disturbed and insulated that it is difficult to detect 

* It is belicTed that the Bohists of Down may o:i^rienoed Irish geologieri^ Mr. J ohn Kelly. 
p^etobeoftheBameageMthegrwtolite-aohiBta I A new speoies ofPhacopB (P. NioholBoni, 
of the opposite Bootch counties of Wigton, G-allo- Salt(>r) has been found in these Caradoo rooks of 
Ayr, 8^ Tyrone (Quarterly Jonm. G-eol. Soo. voL xzii. 

t 1 examin ed this tract in company with that p. 486). 
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anything like a sequence of order. StiU the fossils^ together with the 
physical ch^cters of the rocks, clearly mark the Lower Silurian era. In 
the cliflfe on the banks of the River Suir, below Waterford, and in the 
coast headlands of Newtown near Tramore, and of Bon Mahon*, the 
schists with feeble impure concretionary limestones are underlain by 
schists which at Waterford are probably of Llandeilo age, the fossili- 
ferous beds on the coast being rather referable to the Caradoc forma- 
tion. These strata are charged with the simple-plaited Orthidac, Tri- 
lobites of the genera Trinucleus, Ogygia, and Phacops, Double Grapto- 
lites (Diplograpsus), and Corals, in as great abundance as in strata of the 
same age in Wales and Scandinavia. 

In the western districts of Cork and Kerry, I satisfied myself, by 
two visits, that the masses of hard, purple and greenish grits and slaty 
rocks which rise into the loftiest mountains of Ireland around the Lakes 
of Killamey (Macgillycuddy’s Reeks, Mangerton, &c.), and range to the 
Island of Valentia, are all of Devonian age. This is proved by the fact 
that in the promontory of the Dingle these rocks distinctly overlie and 
pass down into strata charged with true Upper Silurian fossils. Many 
of these organic remains had indeed long been known, some of them 
having been figured and described by M‘Coy from the collections of Sir 
R. Griffith, with whom I first visited the district in 1842. 

At that time, however, the exact order of the rocks occupying the great 
mountainous mass of land lying between the Bays of Dingle and Tralee had 
been little examined. Still, even then, Professor Phillips and myself had 
come to the conclusion that a great portion of these mountains must belong to 
the Devonian system, since it was evident, even on a first traverse, that these 
strata rose up from beneath the lowest Carboniferous Slate and Limestone. 

The nomenclature which Sir R. Griffith was formerly induced to adopt 
respecting these south-western tracts, though now changed, was very ra- 
tional. Seeing vast masses of chloritic and quartzose schists and other 
bands of very ancient-looking rocks that were in certain tracts uncon- 
formably surmounted by red conglomerates and sandstones, which latter 
he knew to be inferior to everything Carboniferous, that vigilant and 
indefatigable observer naturally grouped the first-mentioned of these as 
Silurian, and so at first coloured them in his excellent Geological Map of 
Ireland. 

Now a chief portion of the rocks which Griffith termed Silurian were 
those moimtain-masses which are splendidly exhibited near Glengariff, and 
roll over in the lofty undulations around the Lake of Killamey before 

^ Most of the fossils described by Mr. Weaver Griffith and his assistant, Mr. John Kelly, to be Si- 
in his memoir on the South of Ireland, Trans, lurian, though with no precise reference to their 
Geol. Boc. Lond., 2nd ser., vol. v. p. 1 et sea., are ^e. In the public collection in Stmhen’s Green, 
now known to pertain to the Carboniferous Dublin, and in the rich cabinet of Sir B. Griffith, 
system ; but certain localities which he notices, the geologist will find an instmotive assemblage 
such as Smerwick Harbour or Ferriter’s Cove, of tht'se Lower Silurian fCaiadoo) fossils at 
and Bon Mahon, near W aterford, which he termed W aterford. 

* transition,' were long ago recognized by Sir B. 
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alluded to, reappearing in the promontory of the Dingle. Traversing these 
tracts from Bantry to Killamey in 1842, I even then, I repeat, came to 
the condusion that all these rocks must form a large portion of the Devonian 
system ; for, together with certain red conglomerates and sandstones which 
overlie them, they are seen in several synclinal troughs to lie below the 
veiy base of the Carboniferous system. 

It was, however, still requisite to explain the physical relations of 
these masses to the well-known fossiliferous Silurian deposits of Forriter’s 
Cove, Smerwick Harbour, and other places in the Dingle district. Were 
the Glengariff grits and Macgillicuddy’s Eeeks really superior to the Silu- 
rian Eocks of the Dingle ? 

To solve this question, Mr. Du Hoyer made a detailed survey, and in 
August 1856 I revisited that ground, accompanied by Sir E. Griffith, Mr. 
Jukes, and Mr. Salter, to endeavour to detect the real physical relations of 
the fossH-bearing Silurian rocks to the great schistose and quartzose masses 
termed the ‘ Glengariff grits ’ *. 

However difficult we found it to fix upon the precise spot where the 
oldest of the Silurian fossils could be detected f, it was quite manifest that 
in the westernmost headlands, Ferriter’s Cove, Smerwick Harbour, Clogher 
and Doonqiiin Bays, there were unquestionable Wenlock remains in abun- 
dance, and that the strata containing those fossils were overlain by an 
unequivocal representative of the Ludlow rocks, in which, though the 
strata are to a great extent lithologically different from those of the 
Silurian region, the same typical species of fossils occurred as in rocks 
of the same age in England and Wales. 

Notwithstanding the obscuration of the interior country, these facts are 
plainly set forth, particularly in the coast-cliffs between the Sibyl Head 
and Dunmore Head, which face the Blaskett Islands, There the Silu- 
rian strata occupying ledges on both sides of Ferriter’s Cove, contain 
Wenlock fossils. To the north these are succeeded by pale purple unfos- 
siliferous sandstones, including some lenticular beds of conglomerate ; and 
these are overlapped unconformably by the younger part of the Old Eed 
sandstone and conglomerate, the beds of which rise into the rugged Sibyl 
Head to the height of 670 feet above the sea. 

When, however, we follow the Silurian rocks to the south along the 
coast to Clogher Bay, and thence to Doonquin, we meet with a true 
ascending order, after a great fold in the beds at the Clogher Head. 
A series of green, grey, and purple schists and sandstones containing 
semicalcareous and nodular bands, and associated with much interstra- 

* Thig term, * Glenfi:anff grits,* was suggested with true Wenlook fossils into the Fentamems or 
bj Mr. Jukes ; and in the last published maps and Llandovery rocks. At this spot ooours a Penta- 
seotions th^ are included by him in the Old Bed merus (apparently identical with P. oblongs), 
Sandstone (according to my view, Devonian). PaleBOoyoIus porpita, Pavosites and Helioiites, 

t In one locality, however (the small cove and many large hollow-stemmed Encrinites, which 
called Coosathurig, under the Bull’s Head pro- are very oharsioteristic of the Llandovery rocks, 
montory to the east of Dingle), certain species Further oolleotionB are much wanted from this 
were found which Mr. Salter considers denmtely wild i^t. 
to indicate a passage donmwards from rooks 
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tified volcanic ash and bosses of igneous rock, is there found to be charged 
with typical Wenlock fossils. These are Euomphalus funatus and other 
species of that genus, Spirifer bijugosus, EhynchoneUa nucula, Orthis 
elegantula, Atrypa reticularis, Proetus latifrons, with numerous Corals, 



The Sibyl Head (seen from the Western Ocean). 

(Sketched by Mr. Du Noyer, of the G^eological Survey.) 

The strata rising up to the highest point, Sibyl Head, consist of Upper Old Red 
sandstone and conglomerate. The lower ledges are Silurian. 

including tho Chain-coral, also the Trilobites Phacops caudatus and En- 
crinurus punctatus. In the same strata we also find Chonetes lata in 
abundance, whilst in England it is the typical fossil of the Upper Ludlow 
rock. 

The beds which contain contemporaneous volcanic grit, and occasion- 
ally intrusive greenstones, are overlain by strata which are best exposed 
inland ; and in these (as between Doonquin and Croagh-marhin) there are 
many true Ludlow rock and Aymestry fossils — such as Pentamerus 
Knightii, EhynchoneUa Wilsoni, Eh, navicula, Avicula reticulata, <fec., 
together with Calymene and the smaU lichas anglicus. In truth, how- 
ever, the geologist would scarcely be able to draw those distinctions 
between the Wenlock and Ludlow rocks which are traceable in Siluria, 
but for the occurrence of a band of red slate and a thick development of 
fucoidal sandstones, which here form the base of the Ludlow rocks. These 
fucoidal strata are weU seen in Clogher Bay and Smerwick Harbour, their 
physical relations and organic characters having been traced out by 
Messrs. Du Noyer and Salter. In the overlying beds with Pentamerus 
Knightii and Cardiola interrupta, there are numerous species of Corals, 


Diagram showing the order op the Bocks op the Dingus Promontory. 
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including a fine branched form of Heliolites, allied to H. inordinatus, 
Lonsdale. The curious Annelide-tube, Trachyderma squamosum, PhilL, 
is found also in these beds and in a vertical position ; it is a species 
found in the Ludlow rock. 

The highest of the strata in which such fossils occur are purple-coloured 
and yellowish flag-like sandstones ; and these are seen to pass gradually and 
conformably upwards into the greenish and purple slaty beds forming the 
base of the great series termed ‘ Glengariif grits and schists,’ which, not 
less than 7000 feet thick, occupy Mount Eagle and a long range of the 
Dingle coast. These beds are in their turn conformably surmounted by 
a thick suite of purple sandstones and conglomerates, containing pebbles 
and fossils derived from the underlying Silurian limestone. 

As, then, all these rocks distinctly overlie and pass upwards gradually from 
strata charged with Upper Silurian fossils, there can be no hesitation in con- 
sidering them to be the representatives of those slates and grits which, in 
Germany, Belgium, and North Devon, form the lowest portion of the De- 
vonian system. 

The preceding diagram, as prepared by Mr. Du Noyer, exhibits the gene- 
ral relations of the Silurian rocks of the Dingle promontory (a, 5, c) to the great 
and supeijacent masses of Old Red Sandstone, whether they consist of the 
passage-beds (d), the ‘ Dingle ’ and ^ Glengariif grits ’ (e), red sandstones 
and conglomerates (/), or the overlying Upper Old Red Sandstone (h), 
The»e equivalents of the Devonian rocks will be commented upon in tho 
next chapter. In the meantime it is enough to point out that the Upper 
Silurian and Ludlow fossils entirely terminate with the yellow-green and 
purplish sandstones ), the latter being surmounted by rocks in which no 
organic remains have yet been discovered. 

In travelling along the west coast, or by the Carboniferous rocks of Clare, 
to the county of Galway, the geologist again meets with tracts which are re- 
plete with Silurian fossils. Lying to the north of the picturesque mountains 
known as the Bins of Connemara, these fossil bands, of rather older date 
than the Dingle Silurians, occupy tho bold and precipitous sides of the deep 
Bay of Killery, and range over a considerable space eastwards, by Leenane, 
Maam, and Oughterard, to the shores of Loughs Corrib and Mask. 

■Whilst on the eastern side of Ireland the eruption of the granite of 
the Wicklow Mountains has metamorphosed, as before said, the contiguous 
Lower Silurians, so in Connemara, on the west, we have a still more 
striking example of metamorphism, of a very large mass which, in my 
opinion, must be also considered Lower Silurian. The following diagram 
is reduced from one of Sir R. Griffith’s coloured transverse sections across 
this remarkable district. After a personal survey of most of the Silurian 
iracts of Ireland, it has appeared to me best adapted to explain how cer- 
tain crystalline rocks, which from their mineral aspect have hitherto been 
supposed to be of higher antiquity, are (like the Highland rocks before 

N 2 
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described) nothing more than 
the altered lower members of 
the sedimentary deposits under 
consideration. 

In proceeding from Round- 
stone Bay on the south, low 
isles and headlands of granite, *, 
followed by syenitic and hom- 
blendic rocks, t, throw off 
highly altered micaceous and 
quartzose schists, with courses 
of white and grey crystalline 
limestone, a, which, as you 
ascend the mountain of Ben 
Glenisky, one of the Twelve 
Bins of Connemara, are seen to 
be followed by strong masses 
of granular, white quartz-rock, 
h (manifestly an altered sand- 
stone), which alternate with 
mica-slate. 

Interlaced in the lower part 
of this series, and lying in de- 
pressions between Ben Glen- 
isky and Ben Bawn (2300 feet 
above the sea), and thence 
ranging to the west, are cer- 
tain crystalline limestones, one 
course of which is grey and 
white, and another is the beau- 
tiful green marble or ser- 
pentine of Connemara. They 
are overlain by the granular 
quartzites and mica-slatos, h, 
which, occupying the greater 
portion of these mountains, are 
in some places surmounted on 
their northern face (with a 
slight unconformity J only) by 

J In a traverse of this tract, which I 
made from Clifden to Killeiy in the 
company of Professor Niool, the green 
marble seemed to me to be enclosed in 
mica-schist and quartz-rooks. We also, 
however, met with a grey limestone, sub- 
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conglomerate^ sandstone, and schists, c, containing fossils, as at Let- 
tershanbaUy, Blackwater Bridge, Leenane, Maam, and other places. 
Now these remains, all unequivocally Silurian, belong by no means to 
the lowest members of the system. On the contrary, though some of them 
are found elsewhere in the Lower Silurian strata, their prevalent species 
refer the beds rather to the Llandovery or intermediate rocks. In fact 
the strata resemble, both zoologically and lithologically, some of the upper 
fossiliferous greywacke before described on the banks of the Girvan Water, 
in Ayrshire ; many of the same species occurring in the two districts. 
Several of the Irish fossils are, indeed, more common in the Upper Silu- 
rian, both of England and Wales. 

Some of the remains in the bods near Maam would be considered Lower, 
and others Upper Silurian, there being among the latter BeUorophon 
trilobatus, first published from the Tilcstones or summit of the Lud- 
low rocks. With the widely spread fossils Strophomena depressa and 
Atrypa reticularis, which occur in nearly aU the Silurian strata, we here 
met with Pentamerus oblongus, Orthis calligramma (virgata), 0. reversa, 
Atrypa homispheerica, &c., which elsewhere are known only in rocks of 
Llandovery ago, associated with Bhynchonella Wilsoni and Retzia cuneata, 
Bellerophon trilobatus, and some Lamellibranchiata, such as the Pto- 
linea rotroflexa and Cucullclla antiqua, which were long ago described 
as true Upper Silurian fossils. Here, also, in the beds of junction 
with the mica-slates, are the Chambered Shells Cyrtoceras approxima- 
tum, Orthoceras bullatum, 0. ibex and 0. angulatum, — species formerly 
supposed to mark the Upper SHurian only, but since found also in some of 
the lower strata. Among the Trilobites wo have even our persistent friend 
Calymene Blumenbachii, that ranges from Snowdon to Ludlow, and Encri- 
iiurus (Amphion) punctatus, together with the genus Stygina, only yet 
known in Lower Silurian strata, and apparently the same species which is 
found in Tyrone, and Cyphaspis megalops, a Dudley fossil. Again, the 
Corals from another locality (Kilbride) present us with such species as 
Eavosites cristatus, E. Gotlandicus, E. multiporatus, &c., which are usually 
Upper Silurian types ♦. 

To sum up, then, we have seen inDingle a copious and unmistakeable series 
of true Upper Silurian rocks and fossils, surmounted by Lower Devonian 
schists, slates, grits, and sandstones. In Connemara and the adjacent tracts, 
and thence extending to Uggool in Mayo, the intermediate group of Llan- 
dovery rocks is strikingly apparent, though in fragments and patches only ; 
whilst a multitude of organic remains, whether they be the well-defined forms 

ordinate to the upper portion of the mica-schist, are many other such jnnotions (as around Maam) 
which, as in Argyleshtre on both sides of Loch where the relations are quite discordant. 

Fyne, exhibits many of the appearances of ordi- * This enumeration of fossils was riven in the 

nary stratified limestone, in respect to bedding, previous edition. Since then Prof. Harkness has 
joints, and way-boards ; but we could d«*teot no gone over the same ground, and his observations 
fossils in it. The above section exhibits the confirm my conclusions. (See Quart. Joum.GeoL 
strata, o, containing Silurian fossils, reposing un- Boo. vol. xxii. p. 512.) 
conformably on these mioaoeous rocks ; and there 



182 


SILTJEIA. 


[Chap. TUI. 


described by Portlock from Tyrone, or those of the fossil-bearing schists of 
^dare, Wexford, and Waterford, are unquestionably Lower Silurian, and, 
for the most part, of the Caradoc age. Where, then, is the lowest Silurian 
in Connemara and other tracts in which metamorphic rocks appear beneath 
the fossiliferous strata ? My belief is, that the lower group is represented 
by the great underlying crystalline masses of the Bins of Connemara, and 
that the limestones included in those mica-schists are nothing more than 
the Lower Silurians altered, some of them being of the age of Llandeilo, 
and others the equivalents of the Caradoc rocks. Eecently the announce- 
ment of the existence of an Eozoon in the serpentinous green marble of 
Connemara seemed to lead to the opinion that these rocks were of Lauron- 
tian age. But even if it should be proved that the Foraminifer is present, 
its occurrence would in nowise affect my conclusion that the rock is Lower 
Silurian. The truth is, that, independently of the fact that the crystalline 
rocks of Connemara immediately underlie the Llandovery rocks, the suc- 
cession of quartz-rocks, limestones, and mica-schists is exactly similar to 
that of the Highlands of Scotland, before described. Professor Harkness J 
has ably pointed out this analogy, and has shown that these Irish rocks 
are simply .prolongations of the Scottish-Highland series. As already 
explained, the presence of an Eozoon (if that be admitted) has really little 
bearing on the question ; for creatures of that low type of life may, as before 
said, well have lived on from the Laurentian to the Lower Silurian epoch. 

In the Galway tract we cannot, indeed, pursue a clear ascending order, 
any more than in Scotland, though it is possible that a succession like that 
of the district of Dingle may be detected. As yet it has only been observed 
that a coarse, chloritic, quartzose conglomerate overlies the fossiliferous 
beds in question — a conglomerate which, according to Mr, Griffith, rises 
into mountainous masses on the north side of the Killery Bay. Alternating 
with green and purple slates and interstratified felspar-porphyries (t), these 
upper rocks, after an undulation, repose upon a vast mass of greenish, grey, 
and reddish slate (c). The base of the fossiliferous series to the north of 
the K illery Harbour is composed of a dark and reddish-brown sandstone, 
under which is a conglomerate of mica-schist and other rocks, the whole 
resting, as on the other side of the trough, on mica-schist (Z>). (See section, 
p. 180.) Then follows a boss of granite, ^ (Knock askehoen), which throws 
off crystaUine schists on both flanks, — the masses in the north being 
bounded by the unconformable and horizontal Carboniferous Limestone of 
Clew Bay in Mayo. 

Seeing that we cannot there trace downwards fossils of higher antiquity 
than the middle portion of the Silurian series, it seems fair to infer that the 
subjacent quartz-rock, mica-schist, and stratified limestone of Connemara 
are really the representatives of the Lower Silurian rocks. 

The progress of research will also, I trust, bring out other evidences to 

I Quart. Joum. Geol. Boo. vol. xvii. p. 266, 
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support the views respecting metamorphism derived from a survey of the 
Connemara tract, and which, after the proofs of an Upper Silurian series 
obtained in the Dingle district, seem to be rendered still more probable. 
May not, indeed, this view of the metamorphism of Lower Silurian rocks 
be applied to some of the crystalline rocks of Donegal ? and may they not 
eventually be brought into connexion with the true Lower Silurian oasis 
of Permanagh and Tyrone ? This is a task worthy of the Irish Govern- 
ment Surveyors, and which, I have no doubt, they will ably accomplish. No 
one who has examined the small patch near Pomeroy could imagine, from the 
aspect of the schists, that it would have proved so highly fossiliferous as it 
did imder the scrutiny of the lamented General Portlock. Hence we need not 
despair of finding the occupants of other former burying-places in various 
parts of the large area of Ireland over which Silurian rocks are believed 
to extend, though these deposits, being to so great an extent metamor- 
phosed, are necessarily sterile in organic remains. 

Some of the most characteristic of the Irish Silurian fossils will be 
noticed in the two ensuing chapters ; but a full acquaintance with them 
must be sought for in the works of Portlock and M‘Coy, and in the tables 
of Sir Richard Griffith’s map. 

Note. — Mr. Jukes has forwarded to me a description of a band of anthracitic 
coal, which occurs in ancient clay-slate and hard grits at Kfinaleck in the county 
of Cavan, and to which my attention was formerly directed by Mr. Kelly (see 
Appendix to first edition, p. 493). The strata in which this anthracite lies ex- 
tend from Cavan through the counties of Louth, Monaghan, Armagh, and Down ; 
and, from their composition as well as from their strike to the N.E., they are 
supposed to be of the same age as the anthracitic Lower Silurian schists of 
Dumfriesshire in Scotland already described (p. 152). This course of Irish 
anthracite, which varies in thickness from 1 to 12 feet (ranging, in a nearly ver- 
tical position, with its associated beds, from S.W. to N.E.), is a fuel of better 
quality (in short, a real coal) as well as of larger dimensions than any similar 
substance hitherto noticed in the Silurian rocks. 


JReview of the Silurian Roclcs of the British Isles . — In concluding these 
observations on the Silurian rocks of Britain, let ni(‘ specially call the at- 
tention of the reader to the direct bearing which the discovery of Lower 
Silurian fossils in Sutherland must have in determining the true geological 
age of a very large portion of the stratified crystalline rocks of the western 
and central Highlands. 

It is, indeed, gratif^dng to me to find that my original theoretical view, 
repeated in previous editions of this work, seems now to be fully sus- 
tained — viz. that the great mountainous expanses of argillaceous, chloritic, 
micaceous, and gneissic schists, with intercalated quartz-rocks, marble, 
and limestones, which constitute the chief portion of the so-called pri- 
mary rocks of the west of Scotland, and extend from Dumbartonshire, 
through Argyllshire and Inverness-shire, into the central and eastern parts 
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of Eoss-shire and Sutherland^ are on the whole the metamorphosed pro- 
longations of the Lower Silurian rocks of the South of Scotland. 

We now further know that these crystalline masses of Lower Silurian 
age overlap those red sandstones and conglomerates which, much older 
than the Silurian red conglomerate of Ayrshire (p. 155), are doubtless the 
equivalents of the Longmynd or Cambrian rocks ; whilst the latter repose 
upon ancient Laurentian gneiss, which is nowhere exhibited in England 
and Wales. 

Taken then as a whole, the natural sections of the British Isles sustain 
the view put forth in the earlier pages of this volume, which presented to 
the reader the general order of the primeval rocks*. 

Vertical Dimensions of the Cambrian and Silurian Docks of the British 
Isles, — ^W e have as yet no means of calculating, even approximately, the 
thickness of the older deposits of Scotland and Ireland which have been 
treated of in this Chapter. In both regions large spaces occur throughout 
which the framework of the subsoil is so obscured and hidden that it has 
not yet been ascertained whether there is a continuous ascending order, 
or if the same strata be repeated by flexures the upper portions of which 
have been cut off. 

In the typical region of Shropshire and the adjacent Welsh counties, as 
described in the preceding Chapters, we can, however, appeal to the esti- 
mates of the Government Surveyors. In Shropshire, the Longmynd rocks 
(the ‘ Cambrian’ of the Survey) are supposed to have the vast thickness of 
26,000 feet, or about three times that of the same strata in North Wales ; 
but even admitting that these rocks are to some extent repetitions (of 
which, however, I see no evidence), their dimensions, according to any 
estimate, must still bo enormous. 

The Lower Silurian strata of Shropshire to the west of the Longmynd, from 
the Stiper Stones upwards, including the Llandeilo formation, exhibit a 
thickness of 14,000 feet ; and if we add to this mass the thickness of the 
Caradoc sandstones, limestones, and shales lying on the eastern slopes 
of Caer Caradoc, which have been described at p. 66, and amount to about 
4000 feet, we ascertain that in the typical tract of Shropshire alone the 
Lower Silurian rocks attain the dimensions of 18,000 feet. These dimen- 
sions are, indeed, nearly equal to those which have been estimated 
for their equivalents in the lofty, slaty, and rugged region between the 
Menai Straits and the Berwyn Mountains, where the Surveyors have 
estimated the total thickness of all the strata of like age at 19,000 feet. 

In the Cambrian or lowest part of these enormous accumulations of 
sedimentary strata, rare traces only of fossils have been found ; but in 
the Lingula-flags (the ‘ primordial ’ of the Silurian zones) organic remains 
increase sensibly, and of late years many new forms have been detected 

* See the generalised diagram at p. 24, in which Laurentian gneiss is represented as the flinda* 
mental rook, though not seen in the Silurian region of England aM Wales. 
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in them. It is, however, in the Llandeilo and Caradoc formations that 
Trilobites, MoUusks, and Corals angment enormously and amount to many 
hundred species. 

The Llandovery rocks, intermediate between the lower and upper divi- 
sions, swell out in some parts of Wales to a thickness of 2000 or 3000 
feet; and, though in many tracts this zone is of small dimensions, it is 
not poor in the variety of fossil species. 

The Upper Silurians, consisting of Wenlock and Ludlow rocks, attain 
nowhere a greater thickness than 5000 or 6000 feet ; and yet this younger 
group is as replete with fossils as the Lower Silurian strata, the dimensions 
of which are so much larger. 

In conclusion, it is, indeed, well to reflect upon the fact that, notwith- 
standing their enormous physical development (of not less than 26,000 or 
27,000 feet), the British Silurian rocks are scarcely more copiously charged 
with organic remains than the strata of the same age in Scandinavia, 
where the total united thickness of the Lower and Upper Silurian does not 
exceed 2000 feet, as will be shown in a subsequent chapter. 



186 


SILUEIA. 


[Chap. IX. 


CHAPTEB IX. 

OECANIC REMAINS OF THE LOWER SILURIAN ROOKS. 

A FULL acquaintance with the Silurian Fossils of the British Isles can be 
gained only by a study of the various works in which they have been 
successively described. Of these works, the first in which the fossils were 
classified and placed in their true geological position is the ‘Silurian 
System ’ ♦ ; the next is a Report on the Silurian fossils of Tyrone, by 
Portlock ; a third, on the Silurian fossils of Ireland, by M‘Coy. Then 
follow various publications of the Government Geological Survey, par- 
ticularly the volume on the Malvern and Abberley Hills, by Professor 
Phillips and Mr. Salter, certain monographs descriptive of both Lower 
and Upper Silurian forms, in the Decades of the Geological Survey, by the 
late Professor E. Forbes and Mr. Salter, and the Appendix by Mr. Salter 
to Professor Ramsay’s ‘ Geology of North Wales’ (Mem. Geol. Surv. vol. 
iii.). Notices of Silurian fossils have also been published by Mr. D. 
Sharpe, Mr. Salter, and other writers in the volumes of the Quarterly 
Journal of the Geological Society of London. A detailed description of 
the Upper Silurian Brachiopods, by Mr. Davidson, appeared in the Bul- 
letin of the Geological Society of France, nearly all the British species 
being there figured and described. In the Introduction to his Monograph 
of British Fossil Brachiopods (vol. i.), Mr. Davidson has described their 
generic characters ; and his special Monograph on the Silurian Brachio- 
pods, published by the Pal8eontograi)hical Society, is a work of the highest 
order of merit. Three parts of Mr. Salter’s Monograph of the British Tri- 
lobites have also been published by the same Society. Professor Rupert 
Jones has described most of the small Bivalved Crustaceans of the Silurian 
rocks, in the ‘Annals of Natural History.’ Lastly, an important addition 
has been made to our knowledge of the British fossils of this age through 
the publication, by Professor Sedgwick, of Professor M‘ Coy’s descriptions 
of the Palaeozoic fossils in the Woodwardian Museum of Cambridge. This 
work, to which references are often made in the present volume, contains ela- 
borate descriptions of upwards of 300 species, with figures of the new forms. 

The reader who consults these various works f will find that, whilst 
a marked division was at first particularly insisted on, by myself, as ex- 
isting between the Lower and Upper Silurian, subsequent researches, 
extended over large areas, have shown that the two groups are much more 
closely knit together in one natural series than was formerly supposed, — 
it being now well ascertained, as already explained, that a considerable 

* The Shells of the ‘ Silurian Sjstem ’ were de- t In the * Geologist/ toI. i.. 1858, Prof. Morris 

B^bed by James de C. Sowerby, who had pre- publisheda very useful List of Books and Memoirs 
yiously figged and described some of the species relating to Silurian and Cambrian Geology, corn* 
in ‘Mineral Conchol«^/ The latter were plete to that date, 
ohiefly from the Wenlook Limestone. 
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number of characteristic fossils are common to the inferior and superior 
members of the system, and that the two are zoologically united through 
the intermediate ‘ Llandovery rocks.* In the course of the observations 
which follow, this generalization will be placed in a clearer point of view. 

In the earlier Chapters of this work, the fossils of the Longmynd rocks, 
the Lingula-zone, and the lower part of the Llandeilo strata have been much 
adverted to. In describing the succeeding formations, however, the typi- 
cal species alone have been cited ; and it is now desirable to give a more 
complete view of the general characters of the chief mass of the Lower 
Silurian fauna, or of the Llandeilo and Caradoc formations. 

Among the organic remains of the Lower Silurian rocks, Graptolites have 
been already often alluded to, being Zoophytes exclusively characteristic of the 
Silurian era (see p. Cl) and which must have inhabited a sea with a muddy 
bottom. Of those forms which specially mark the Lower Silurian rocks, the 
Double Graptolite (Diplograpsus) and the Twin Graptolite (Didymograpsus) 
are the most common in Britain. Diplograpsus pristis, p. 51, Foss. 10. f. 15, ranges 
from the base of the Llandeilo flags to the Caradoc sandstone inclusive; D. 
folium, p. Cl, Foss. 12. f. 6, is common in the anthracite-beds of Scotland (as 
well as in the Alum-slates, or Lingula-zone, of Sweden) ; and there are several 
other forms found in Scotland and Wales. 

There is a curious half-branched species, Diplograpsus ramosus. Hall, figured 
Foss. 12. f. 7, which seems to lead oft* to the Twin Graptolite, Didymograpsus, of 
which we have several species in England. Of these, D.Murchisoni,Beck,Foss. 12. 
f. 9, is one of our commonest Welsh species. The North -American forms, D, sex- 
tans of Hall (Foss. 12. f. 8), and D. MoiTatensis, Carruthers, and the Continental 
1). Forchhammeri, Geinitz, are found in the South of Scotland ; and there 
is yet another two-winged Graptolite (probably the same as a Canadian species, 
D. caduceus, Salter) in the slates of Wexford. 

A form of the N orth- American genus Phyllograpsus, Hall, which has a large 
axis and two or four very broad celluliferous plates, has been found in the Skid- 
daw Slates. The species that have a greatly produc(id and frequently branched 
stipe are represented by two species from the Llandeilo rocks — the one, Dendro- 
graptus linearis, Carr., from Scotland, the other, D. gracilis, Hall, from Ireland ; 
and a third species, D. involutus, Carr. MS., occurs in the Wenlock shales at 
Builth. The species with four, eight, or more brancluis proceeding from a single 
axis, which have been discovered by Sir W. E. Logan in Canada (Dichograpsus, 
Salter), are represented by three species from the Skiddaw Slates ; but no indica- 
tion of the singular disk that occurs in the Canadian species has been observed 
in any of them. 

Of the simpler forms, those with teeth on one side; only of the branches, 
Rastrites and Graptolithus, the former is abundant in North Britain, where 
also the Graptolithus priodon, PI. XH. f. 1, occurs in plenty, though not quite 
so low in the series. This last fossil ranges from the Lower Silurian to the 
Upper Ludlow rock. 

Opinion has been divided among naturalists as to the true position of Grap- 
tolites in the animal kingdom. Of late they have been generally regarded either 
as Zoophytes of the Alcyonarian or the Sertularian orders, or as belonging to the 
Polyzoa (Bryozoa). If the organisms described by Mr. Nicholson (Geol. Mag. iii, 
p. ^) are really ovarian vesicles of Graptolites, this observation strengthens the 
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view of their Sertularian affinities ; but that they were Polyzoa some think the 
more certain on account of the discovery of a form intermediate between them 
and the Fenestellas. 

This is the Dictyonema (or Phyllograpsus, as it has been called by Prof. An- 
gelin)^ which, as already noticed, p. 45, occurs in the Lingula-dags of Wales 
and Shropshire. It combines with the shape and general characters of the net- 
like Polyzoa, the texture and the form of the cells of the Graptolite, and may be 
regarded as a bundle of these animals united by processes into a reticulated cup. 
The curiously complex branched forms of Graptolites discovered by Sir 
W. E. Logan in Canada seem to complete the chain of affinities between the 
Graptolites and the Fenestellidss. 

Besides these inhabitants of ancient muddy seas, which are, as before said, 
exclusively Silurian in all quarters of the globe, many forms of true Polyzoa are 
seen even in the lower portion of these deposits, and are abundant through- 
out the series. These were formerly confounded with Corals, and in the eye 
of the field-geologist might still pass for such, though they are really low forms 
of MoUusks, having even no distant affinities with the Brachiopoda I They are 
here associated in the same woodcuts (Foss. 30 & 31) with the Corals. 

Fossils (30). Lower Silurian Zoophytes and Polyzoa. 

1. Fenestella subantiqua, 
d^Orbigny. 

2. Ptilodictya acuta, Hall. 

3. Nidulitesfavus, Salter*. 

4. Sarcinula(Syringophyl- 
lum, Milne-Edw. and Haime) 
organum, Linn. 

5. Heliolitos inordinatus, 
Lonsdale. 

6. Favosites Gotlandicus, 
Goldfuss. 

7. Heliolites megastoma, 
M‘Coy; a species with large 
cells, found in Pembroke- 
shire. 

The species with a net-like form, Fenestella and Ketepora, though occa- 
sionally mot with in Caradoc rocks, are not common as Lower Silurian 
forms. The most frequent are flat-branched forms allied to the living Eschara 
of our coasts, and which are known by the name Ptilodictya, Lonsdale (Escha- 
ropora. Hall). Pt. acuta, Foss. 30. f. 2, and Pt. dichotoma, Foss. 31. f. 5, 
are common species, and occur low down in the series. The more expanded 
forms, Pt. explanata, M‘Coy, and Pt. fucoides, M^Coy, are found rather in the 
upper portions of the true Caradoc strata in Wales. Here, too (if not in a still 
higher series, or at the base of the Llandovery rocks), Fenestella subantiqua, 
d’Orb. (F. antiqua, Sil. Syst.), Foss. 30. f. 1, makes its appearance. There are 
also some other forms, both branched and encrusting, which occur in the higher 
Caradoc strata of Wales. Glauconome disticha, Foss. 60. f. 5, and Fenestella 
Milleri, f. 4, are found both in the Wenlock beds and in the Lower Silurian cal- 
careous slates of Llansaintflfraid, Glyn Ceiriog, in Denbighshire. 

Of the Corals, the most prevalent are certain species of the genera Halysites, 
Heliolites, Favosites, and Petraia. 

One of the most striking of these bodies, which ranges into and abounds in 
the Upper Silurian, and is widely spread through various countries, is the Haly- 

* This oorioas fossil beloi^ truly to the Llandovery rooks, and will be noticed when their fossils 
are described. It is doubtfmy referred the Polyzoa. It is not a Ooral. 
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sites catenularius of Linnaeus, Foss. 81. f. 4, the well-known < Chain-coral ’ 
(Catenipora escharoides of the ^ Silurian System *), Another, still more abun- 
dant in the lower rocks, is Fayosites fibrosus, both branched, f. 1, and hemi- 
spherical, f. 2. Petraia subduplicata, f. 3, is but rarely found below the horizon 
of the Llandovery rocks ; P. rugosa, Phill., and P. aequisulcata, M^Ooy, are, 
however, not unfirequent Caradoc species. 

Others, less common, are Stromatopora striatella (doubtfully grouped with 
Corals), Chap. X. Foss. 62 ; Heliolites interstinctus, p. 120, Foss. 19 ; H. inor- 

Fossils (31). Lower Silurian Zoophytes and Polyzoa. 

1. Alveolites (Stenopora, Sil. Syst.) 
fibrosus, Goldfuss. 

2. The same species, variety Lyco- 
perdon, Hall. 

8. Petruiasubduplicata,M‘Coy; rarely 
found in the Caradoc strata. 

4. Halysites catenularius, Linn6. 

6. Ptilodictya dichotoma, Portlock. 

6. Retepora Hisingeri, M‘Coy; Ca- 
radoc rociM of Westmoreland. 

dinatus, Foss. 30. f. 6 ; H. megastoma, f. 7. Both these last are plentiful at 
Robeston Wathen in Pembrokeshire. Heliolites petaliformis, p. 120, Foss. 19. 
f. 2, and H. tubulatus, ib. f. 1, have also been quoted by M^Coy from the Caradoc 
rocks of Westmoreland : H. favosus of the same author is a rare Lower Silurian 
species from Ayrshire. We have also Favosites Gotlandicus, Foss. 30. f. 6 ; 
F. alveolaris, p. 119, Foss. 18. f. 4 ; and the Sarcinula (or Syringophyllum) 
organum, Linn., Foss. 30. f. 4, found in the slates of Westmoreland and in the 
Upper Silurian limestone of Gothland in Sweden. Nebulipora of Professor 
M^Coy contains one or two species of minute-celled Corals, resembling Favo- 
sites, and is chiefly Lower Silurian. One, Nebulipora favulosa of Phillips, 
figured in the woodcut, p. 61, Foss. 11. f. 22, is very common in the Llandeilo 
flags; both it and Monticulipora (Nebulipora) lens, M^Coy, are very charac- 
teristic Caradoc fossils, p. 68 ; M. papiUata, M‘Coy, is both a Lower and an 
Upper Silurian species. 

The reader has before him in these woodcuts a few only of the Corals 
which most frequently occur in Lower Silurian strata ; but if he wishes 
to study many other forms of these fossils, particularly those in the Upper 
Silurian rocks, where Corals are much more abundant, he must consult the 
clear and faithful descriptions of them given by Mr. Lonsdale in the 
‘ Silurian System,’ in which work 62 species are accurately figured *. By 
reference to the authority of that valued friend, who assisted me so mate- 
rially in preparing my original volumes, and to the works cited in the foot- 
note, it will be seen that, of the seventeen or eighteen species here mentioned 
as found in the Lower Silurian, no less than eight, including the Chain- 
coral (Halysites catenularius), Favosites alveolaris, F. Gotlandicus, and the 

* The palsBontologist will also natorallj coi^t graphical Sooietj, 185C. I most also specially re- 
the writiiigs of Milne-Edwards and Jules Haime, xer the naturalist to Dana’s znagnifloent woA on 
Archives du Musdum d’Histoiro Naturelle,vol. v., Zoophytes, published as part of the results 
who have t^own that several of the Corals which of the United States Eiploring Expedition ; 
wdre supposed to be common to the Silurian and ^d to Prof. McCoy’s descrij^ons and figures 
Devonian systems are not identical. See their in Professor Sedgwick’s work, Uesoript. Brit. Pal. 
Monograph in the publications of the Palnonto- Foss, of the Woodwardian Museum. 
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species of Heliolites, together with the doubtful Stromatopora striatella, 
are still more abundant in the upper division of the system. 

Of Crinoids, or the lily-shaped tenants of the deep, most of which were 
attached by their root or base to submarine rocks, the inferior strata of 
the Silurian epoch have in general afforded fragments only. Referring the 
reader therefore to the Plates XIII.-XY. of this work, as containing the forms 
best known in the Silurian rocks when my work was published, it is enough 
now to state that, for the most part, broken portions of the stems only of En- 
crinites have been detected in the earlier portion of these deposits in Britain. 


One brilliant exception, however, is the Glyptocrinus basalis, M^Coy, a Orinoid 
found in the Lower Silurian slates of North Wales : 
fine specimens of it are to be seen in the Museum of 
Practical Geology in Jermyn Street, and in the 
Woodwardian Museum at Cambridge. One or two 
species have been met with in the Llandeilo Flags 
of Shelve, Shropshire. 

Next in order come those remarkable animals 
whose globular forms and strong external plates 
have enabled them to resist destruction better 
than the delicately constructed and slender-stemmed 
Encrinites: these are the Sphasromtes of old au- 
thors ; they are the Cystidea of Von Buch. 

Abounding in the Lower Silurian of Scandinavia 
and Russia, they were long ago described by Lin- Glyptocrinus basalis, M‘Coy. 
nasus and Gyllenberg, whilst they have had much A Lower Silurian crinoid. 
now light thrown on their natural affinities by Von 

Buch, Volborth, the Due de Louebtenberg, Edward Forbes, F. Boemer, J. Hall, 
J. Rofe, and others. They constituted, in the primeval era, the representatives of 
the Sea-urchins or Echinidee of the Secondary and Tertiary periods and of the pre- 
sent day. They have affinity with Crinoids on the one hand (some possessing very 
perfectly formed arms and tentacles) and with Sea-urchins on the other *, and 
have been divided into genera called Echinosphserites, Caryocystites, Sycocystites, 
Hemicosmites, Ciyptocrinites, &c., some of which are here figured t- 

They usually occur in clusters, on the shaly surface of beds of limestone, re- 
sembling bunches of enormous grapes ; and in Sweden and Russia, where thus 
developed, they are associated with Orthidee and other Shells of the Lower Silu- 
rian rocks. In Britain they had not been found when the Silurian classification 
was first published ; but by the researches of the Government Surveyors they 
have been detected, and somewhat plentifully, in strata first described by me 
as Llandeilo Flags, at Sholeshook, Pembrokeshire, but now known to belong 
to the Caradoc rocks (p. 74). Indeed in Britain they are not observed to occur 
lower down in the series although in Bohemia some species are found in 
rocks of the age of the Lingula-fiags. 

The usual forms in our country are species of Echinosphserites and Caryocys- 

* The views expressed in the text are those of crinen,’ Bull. Bo. Acad. St.'P6tersbourg, t. x., and 
Edward Forbes. The Cystidea, at least several Bull. Phys. Math., ib. t. iii. No. 6; Bea^r. Thier. 
of them, have a close affimty with the Fentremites Silur. Ealk. v. Max. Herz. v. Leuehtenberg, St. 
of the Mountain-limeBtone. Fetersb. 1843; and E. Forbes, Mem. Q-eol. Bnrv. 

t Other forms of these Cystidea are given in 1848, vol. ii. pi. 2. 
the work, ‘ Russia and the Ur^ Mountains,’ vol. ii. J Remains of Cystidea are now said to occur in 
See also Von Buch, ‘Uber Cystideen,’ Trans. Bor- the * Primordial zone ' of St. David's, Pembroke- 
lin. Acad. 1845; Volborth, *Uber die Echino-En- shire. • 
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tites. £cliino 8 pli 80 rites aurantium, the commonest species in the north of Europe, 
is rare in Britain ; but E. Balticus, Foss. 33. f. 1, and E. (Caryocystites) granatus, 
f. 6, both of them frequent in the Lower Silurian of Scandinavia, are found 
profusely in my old fossil-bearing locality of Sholeshook in Pembrokeshire; 
and thus our British Silurians are well paralleled and co-related with their 
foreign analogues. Echinosphesrites arachnoideus, Forbes, occurs with them, 
and Sphseronites Litchi, Forbes, a globular species having pores arranged in pairs, 
and five protuberances round the mouth. Sphseronites punctatus, Foss. 38. f. 2, 
and Sph. munitus, f. 4, are common species at Bala ; and a fine species of Pleu- 

Fossils (33). Lower Silurian Ctstideans. 


1. Echinosphseritea 
Balticua, Eichwald. 2. 
SphaBronitea punctatus, 
Forbes. 3. Ovarian py- 
ramid of EchinospbfiB- 
rites granulatus, M‘Coy. 



4. SphaBronitea (Caryo- 
cystites) munitus, Forbes. 

5. Sph. (Echinosphaeri- 
tes) granatus, Wahl. 6. 
Agelacrinites Buchianus, 
Forbes. 


rocystites, a genus which has the two halves of the cup differently constructed, 
has been found in the Lower Silurian shales near Ijlandovery. One exceedingly 
rare and curious form, belonging to a different group from the others, and more 
resembling the Silurian genus Pseudocrinites in its structure, possesses arms, 
which are affixed like the spokes of a wheel on the upper surface. It has been 
found in North Wales, and is figured in the Memoirs of the Geological Survey ; 
it is represented above, Foss. 33. f. 0. Professor E. Forbes named this form Age- 
lacrinites Buchianus, in honour of that great geologist the late Leopold von 
Buch, 

Of Starfishes two species were discovered in 1844, by Professor Sedgwick and 
Mr. Salter, at Bala. One of these, Foss. 34. f. 1, described by the late Edward 
Forbes*, was thought by him to belong to the modern genus Uraster, so common 
on our own shores ; it appears, however, to be distinct, and has been named 
Palffiastert; the other was unfortunately lost when it had been ascertained to 
belong to the true Ophiuroid group, and named provisionally Ophiura Salteri, 
by Professor Sedgwick. It is probably a Protaster (see p, 127, & Chap. X.). 


Foskils (34). Lower Silurian Starfishes. 
1 2 


1. Palseaster 
obtusus, Forbes. 
From Bala and 
Waterford. 




2. Pakeaster as- 
perrimus, Salter. 
tVom nearWelsh- 
pool. 


Paleeaster obtusus has since been obtained from the slates of Wales and Ire- 
land, and is represented in the preceding woodcut, together with a very distinct 
species from near Welshpool — P. asperrimus. 

Among the Shells of the mass of the Lower Silurian strata, above the lowest 
or * primordial * zone. Lingulae again occur, though of different species. Lingula 
attenuata^l^A. V. f. 16, is indeed one of the most characteristic shells of the Llan- 

, ^ Memoirs G-eol. Survey, Decade 1. 

^ I Ann So Maf(. Nat. Hist, for Nov. 1857 ; Bep. Brit. Assoc. 1858, Trans. Sect. p. 76. 
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ferred to the genus Strophomena) extends upwards throughout the whole series^ 
from the oldest Llandeilo beds to the Upper Ludlow rock. 

Of the two species of Leptsena which are prevalent in the lower division, the 
most frequent is L. sericea, PI. V. f. 14, and Foss. 36. f. 6, which, occurring in 
swarms among the slates of Snowdon, is also most abundant and characteristic 
in the Caradoc Sandstone of Shropshire j whilst L. transversalis, PI. XX. f. 17, 
published originally as a fossil of the Wenlock Shale, is now also found in the 
Caradoc formation of Wales and Westmoreland. The former of the two last- 
mentioned species has indeed a universal range, being known^in Russia, Scan- 
dinavia, Central Germany, the British Isles, and America. Leptaena tenuicincta, 
Foss. 37. f. 4, and L. quinquecostata, f. 3, are not unfrequent Caradoc species 
both in England and Ireland : the latter is found deep down in the Llandeilo 
flags. 

Fossils (37). Lower Silurian Brachiopods. 


1. Orthis biforata, 
Sohlotheim (internal 
cast). 2. Orthis 
spiriferoides, M‘Coy. 
3. Leptaena quinque- 



coatata, M'Coy. 4. 
Leptaena tenuicincta, 
M'Coy; and a lateral 
view of the same. 


The Orbiculoid and Cranioid groups, though not common in the lower division, 
yet afibrd some characteristic species. The remarkable Crania divaricata, Foss. 
38. f. 2, like its congener the Crania antiquissima (Pander) of Russia, is a Lower 
Silurian species. Discina (Trematis) punctata of the Caradoc Sandstone, Foss. 38. 
f. 1, can with difficulty be ^stinguished from the beautiful Discina(Trematis) can- 
cellata, Sow., of the Trenton limestone, America ; and Siphonotreta micula, f. 3, 
a small species of a genus which is abundant in the Lower Silurian beds of 
Russia, is found plentifully in the trilobite-flags of Builth *. 

LingulsB, on the other hand, offer some prevailing forms. Such is L. attenuata, 
the characteristic Llandeilo fossil before alluded to, in p. 50. Its associates 


Fossils (38). Lower Silurian Brachiopods. 


1. Trematis punctata, Sow. 

2. Crania divaricata, M'Coy. 

3. Siphonotreta micula, 
M'Coy ; young and full 
grown, natural size. 4. Lin- 



gula granulata, Phill. 5. L. 
tenuigranulata, M'Coy ; one 
of the largest fossil species of 
Lingula known in Britain ; 
with a portion nat. size. 


are L. granulata, Foss. 88. f. 4, and a number of unpublished species. L. ovata, 
M^Coy, and L. tenuigranulata, f. 5, here figured, are conspicuous Caradoc 
species. Obolus, a genus closely allied to Lingula, is common in Russia, and, 

* As an example of the oonfasion which mi^ht Cambridge Museum, and published in 1851-d.'), 
be introduced by substituting the word Cambrian have been alone found in my original Llandeilo 
for Lower Silunan, it may be mentioned that this and Caradoc rooks, the orgamo remains of which 
species of Brachiop^ though collected in my were published by me between the years 1683 and 
oldest and best-known Lower Silurian locality of 1889. Such are : — all those fossils from the Car- 
Llandeilo dags at Builth, has been published as marthenshire localities of Llandeilo, Mandinam, 
a Cambrian fossil in the Second Fasoioulns of the Goleugoed, Llangsdoo, Noeth G^rUg; all the Breck- 
Palttosoic Fossils of the Cambridge Museum. The nook and Radnorshire localities, new Builth imd 
reader must, indeed, be told that very ma^ of Zdandrindod ; the Montgomeryshire localities, 
the foesils to which the words * Bala* and * Cam- near Welshpool and Meifod, and at Allt-yr^ Anker; 
brian ’ are prefixed in that work descriptive of the Caradoc fossils from the W est of Shropshire, &c. 
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thougH not found in our Lower, is now known to be present in our Upper 
Silurian *. 

The primeval forms allied to the genus Terebratula are now mostly referred 
to the genus Rhynchonella t of Fischer. This genus is very much less Sequent 
in the lower than in the upper division of the system. Some few forms, 
described in the * Silurian System,’ chiefly belong to the Llandovery rocks, 
and will be noticed under that head. One or two plaited species are 
known to occur in the Caradoc beds of Snowdon, and in the rocks near St. 
David’s, Pembrokeshire, some of which are of Llandeilo age. Similar species, 
too, are found in Tyrone, and have been described by Portlock. A few smooth 
species, like Rhynchonella navicula, PI. XXII. f. 12, but not identical with it, 
are found in the Bala Limestone. Rh. (Athyris ?) depressa, PI. XXII. f. 17, and 
Rh. rotunda, f. 18, originally described from the Upper Silurian, are said by 
Prof. M^Coy to occur in true Lower Silurian strata. 

The genus Atrypa, so often quoted in palsBontological works, is now re- 
stricted, and includes only those shells which have calcareous spires inside, and 
beneath the beak or umbone a small area pierced by a round foramen. Thus 
limited, it contains only a few species ; and these are most abundant in all the 
Upper Silurian strata, and in the Llandovery rocks. Atrypa marginalia of Dal- 
man is the only one known with certainty to occur in the Caradoc Sandstone ; 
and it is found in many localities in Wales and Ireland. 

Of the next great class, the Lamellibrancbiata, or ordinary Bivalve Shells, a 
few only had been discovered in the lower group of strata when my large work 
was published. They are now, however, ascertained to be far from rare in the 
more arenaceous parts of the Caradoc strata in England ; and they also occur in 
rocks of the same age in America. The genua Pterinea (Avicula, Sil. Syst.), so 
common, as wiU hereafter appear, in the upper division, has some representa- 
tives in the lower. Pt. pleuroptera, Conrad, and Pt. tenuistriata, M^Coy 
(Chap. X. p. 228, Foss. 60. f. 6), are two species of this formation, quoted 
by M‘Coy as ranging upwards to the Ludlow rock. It is probable that some 
other species of the genus have an equal range. 

There appear to be some species of true Aviculje ; and there are several ex- 
amples of that section (or rather of that distinct genus, Ambonychia, Hall) which 
has both valves gibbous and the anterior ear almost obsolete. These shells have 
been sometimes called Inoceramus, but have no affinity with that group. 
Ambonychia Triton, Foss. 39. f. 8, for example, is found at Llandeilo ; and 
Portlock describes Amb. transversa and Amb. trigona from the rich deposits of 
Tyrone. 

Modiolopsis, Hall, is a still more common genua in the Lower Silurian. M. 
orbicularis, PI. VII. f. I, one of the few species published in my former work, is at 
present known only in the Caradoc Sandstone of Shropshire j it was formerly de- 
scribed as an Avicula. M. modiolaris, Foss. 39. f. 3, and M. postlineata, f. I, 
are frequent in the Caradoc rocks of North Wales, where M. inflata, M^Coy, and 
some others are also occasionally met with. M. expansa, f. 2, is a flattish spe- 
cies found in strata of the same age in Ireland ; and several large and rounded 
forms occur with it. The genus is closely allied to the common Modiola, or 
Mussel, of our coasts. 

Nucula-like shells with toothed hinges are not scarce j but few of them have 
been yet described. It is well, however, to note that the small triangular spe- 

* Davidson’s Monograph of the Braohiopoda, Falecont. Soo. 1864, p. 136. 
t Some also &11 into the genus Atrjpa. 
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cies, Otenodonta varicosa, Foss. 89. f. 4 , and Ct. obliqua, f. 6^ are frequent in the 
lower division^ — the former in Wales, the latter in North Inland. It is most 
probable that these are all referable to Nucula-like shells (Otenodonta [Telli- 
nomya, Hall],Ilep. Brit, Assoc. 1851, Trans. Sect p. 63) which, like the Isoarca 


Fossils (39). Lamellibranchiata. 


1. Modiolopsisjpostlineata, 
M‘Ooy. 2. 3d. expansa, 
Poptlock. 3. M. modiolaris, 
Conrad. 4. Otenodonta va- 
rioosa, Salter. 5. Lyrodesma 



S lana, Conrad. 6. Cteno- 

onta obliqua, Porilock. 7. 
Pleurorhynohus dipterus, 
Salter. 8. Ambonycnia Tri- 
ton, Salter. 


of JVIiinater, have the ligament external. Lyrodesma plana, Foss. 89. f. 5, which 
belongs to the same group of shells, is found in the limestone at Bala. 

Orthonota (Cypricardia of the Sil. Syst.) is a genus more frequently met with 
in Upper Silurian rocks ; but some of its species are Lower Silurian. O. nasuta 
occurs in the Caradoc of Horderley, and is represented in the woodcut, Foss. 13. 
f. 12 (p. 68). Cardiola is rare, but not wholly absent. In the preceding illustra- 
tion (Foss. 89), a rare fossil is figured, Pleiirorhynchus dipterus, f. 7, which, though 
imknown in England and Wales, has been found by Mr. J. Garrick Moore in the 
Lower Silurian rocks of Ayrshire, and by the Government Geologists at the 
Chair of Kildare, in Ireland. To these may be added a remarkable genus found 
in Montgomeryshire, the Megalomus of Hall. It is a thick and clumsy shell, 
something like the Megalodon of the Devonian rocks, but with less define^d 
teeth. Hall’s species is from the Clinton group (Llandovery rocks) j the British 
one is from the true Lower Silurian at Horderley. 

The Gasteropods, or Univalves, are now declared by naturalists to belong 
mainly to genera which are extinct. Such is the Murchisonia of d’Archiac and 
de Vemeuil, formerly included in the genus Pleurotomaria. Such also are Ho- 
lopea and Raphistoma of the American palaeontologists, Loxonema and Ma- 
crocheilus of Phillips, and Euomphalus ; and the few species of Turritella for- 
merly quoted belong to a different genus, the Holopella of M^Coy. 

It is important to remark that certain shells which aboimd in the younger 
Secondary and the Tertiary deposits, and at the present day, viz. true species of 
Nerita, Pleurotoma, and Buccinum, have not yet been found in these ancient 
rocks *. Some few recent genera of Gasteropods, however, may still be quoted, 

* The reader may be sorprii^ to find numeroos lustre of its interior. These changes, made by 
q[>edeB of the three last-mentioned genera spoken paleeontologists in the generic names, have an 
of in the original * Silurian System ; ’ but it is important bearing on the philosophy of the sd- 
only of late years that the distinctions have been ence, as the determination of the correct affinities 
drawn by wluch such genera have been excluded of these fossils may lead us to understand the oon- 
from the Silurian roo^ and the accuracy of the ditions under which they lived, — ^it having been 
exclusion is now agreed upon by most naturalists, riiown conclusively, by the late Ed. Forbes, that 
although these sh^s have mucn the external ap- certain conditions of depth and of sea-bottom were 
peannoe of the above-mentioned genera. Enom- essential to the presence of one group of animals, 
phalus is probably a very near ally of the modem while another assemblage muht be indifferent to 
genera Delphinula and Skenia: it occasionally them. Bee also Dr. Bigsoy's Tables, Quart. Joum. 
prMerves its operculum and even the nacreous G-eol. Boo. vol. xv. pp. 2W &o. 
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such as Troclius, Turbo, Natica (or Pileopsis), and Patella. Of the latter genus 
an Irish species (P. Satumi, Goldfuss ?) is here figured, Foss. 40. f. 9. 

The families which appear to have existed during the Lower Silurian time 
were^ — Littorinidse, PyramideUidse (in abundance), with Haliotidas, and a rare 
Patella. 

In the Upper Silurian are true Turbinidse (Euomphalus), with Calyptrseidse 
(Pileopsis and some allied genera). The Naticidee seem represented by one 
species, N. parva, Sow. ; they are not common imtil the Devonian period. 

Among the old Gasteropoda, the genus Euomphalus occurs, four or five species 
being known in the inferior strata (one is figured in PI. VIL). We find that 
Euomphalus, like many other genera, pervades the whole Silurian system ; but 
it is far less characteristic of the Lower than of the Upper Silurian. It is 
not certain that any one species extends upwards from the Llandeilo Flags into 
Wenlock strata. 

One of the most characteristic univalves of this age is the Murchisonia, more 
complete forms of which are given, in the annexed woodcut (Foss. 40. £ 6, 7) 

Fossils (40). Lower Silurian Gasteropoda. 

1. Maclurea Logani (?)» 
Salter ; from the*Lower Si- 
lurian of Ayrshire. Oper- 
culum of M. Logani, from 
Canada, f. 1 a. 2. Raphisto- 
mascqualis, Salter. 3. Mur- 
chisonia obscura, Portl. 4. 
Cyclonema rupestris, Eich. 

5. Holopea concinna, M*C. 

6. Murchisonia gyrogonia, 
M‘Coy. 7. M. subrotun- 
data, Portl. 8. Helmin- 
thochiton Griffithii, Salter. 
9. Patella Satumi, Gold- 
fuss? 

than any figured in my larger work, where they are called PJeurotomarise. In 
Portlock’s ^ Report ’ several species of this genus are described from the Lower 
Silurian rocks of Tyrone: one of these, M. turrita, Portl., is very elegantly 
sculptured; another, M. subrotundata, Foss. 40. f. 7, is conspicuous for its broad 
rough band. M. gyrogonia, f. 6, and M. simplex, MUoy, are common in Wales, 
and there are many other similar species. Turritella is absent; the Lower 
Silurian shells resembling it are either smooth forms of Murchisonia, such as 
M. obscura, Foss. 40. f. 3, in which case they show the characteristic band, or 
they belong to the genus Holopella, in which the strise of growth run straight 
across the whorls, and are not bent into a notched or angular form. Several of 
the latter genus have been described from the Llandovery rocks, but they are 
comparatively rare in the Caradoc or the Llandeilo beds. They have in general 
an elongated and beaded shape, resembling the above-quoted Murchisonia ob- 
scura, Portl. ^Trochus lenticularis ’ of the *Sil. Syst.’ pi. x. f. 2, and several 
similar discoid and angular univalves, are now referred to the genus Raphistoma, 
Hall. This genus is exceedingly common in the Lower Silurian rocks of America ; 
it also occurs in Scandinavia and Russia. R. asqualis, Salter *, found at Llandeilo, 
is here given, Foss. 40. f. 2 ; and others are known in the Silurian rocks of the 
south of Scotland and in Tyrone. 

* Mem. Q-eol. Snrr. vol. iii p. 271. 
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Holopea, Hall, though rather an obscure genus of smooth rounded uni- 
valves, includes many Lower Silurian species. One is figured in PI. VII. f. 4, as 
H. striatella (Littorina, Sil. Syst.) ; another, H. concinna, is represented here, 
Foss. 40. f. 6. 

Other shells formerly called Turbo, s. T. rupestris, Eichw., Foss. 40. f. 4, 
and T. sulcifer, Eichw., T. crebristria, M‘Coy, &c., belong to an extinct genus 
(Cyclonema of Hall) allied to Holopea. Cyclonema rupestris occurs in the Lower 
Silurian limestones of Ireland, and often still retains the coloured bands that de- 
corated the shell when alive *. This feature will be dwelt upon in the concluding 
Chapter, as possibly limiting the depth of water at which such shells lived. 

Though not yet detected in England or Wales, Maclurea (Hall), a character- 
istic genus of the Lower Silurian rocks of North America, has been found in 
strata of the same age in Scotland. The shell (Foss. 40. f. 1) appears to be 
sinistra! or reversed, the top flattish, and the base umbilicate. In all probability, 
however, it should be viewed the other way upwards, and so appear with a 
sunken or concealed spire. Its mouth is closed by a remarkable operculum, of 
which f. 1 o shows the inner side. I collected a species of this genus in the 
Lower Silurian strata of Ayrshire, associated with Orthides, Trilobites of the 
genus Asaphus, and other Lower Silurian fossils. A Canadian species, approach- 
ing to M. magna of the United States of North America, and named by Mr. 
Salter, after the able geologist who discovered it in Canada, Maclurea Logani, 
is the form to which our British fossil is most allied. The operculum figured 
(Foss. 40. f. 1 a) is from that species. Another species, M. Peachii, Salter, has 
already been noticed in describing the fossil contents of the Lower Silurian rocks 
of the Highlands of Scotland (p. 165). 

Bellerophon, a palaeozoic form of the Nucleobranch Mollusks classed by some 
naturalists with Heteropoda, is one of those genera which specially link to- 
gether the Lower and Upper Silurian divisions in one system of life. Thus B. 
carinatus, PI. XXXIV. f. 8, and B. dilatatus, Foss. 41. f. 8, are common to both 
divisions, ranging from the Caradoc Sandstone to the Ludlow rocks in Ireland 
and Wales. On the other hand, there are several species which as yet are 
known only in the lower division, and are very characteristic of it. B. acutus 
(PI. VII. f. 8), B. bilobatus (figured at page 68, Foss. 13. f. 10), and B. nodosus 
(f. 11) are among the common fossils of the lower part of the Caradoc Sand- 
stone. One of liese species, B. bilobatus. Sow., is equally characteristic of 
the same deposits in North America, Spain, and Bohemia. B. perturbatus, 
Foss. 41. f. 6 (Euomphalus, Sil. Syst.), is one of the common fossils of the black 
Llandeilo slates of Wales. There are other less-known species, and some are 
yet unpublished. 

Certain naturalists regard the genus Bellerophon as the shell of a Cephalo- 
podous animal, differing from the ordinary forms of that class in the want of 
septa or partitions within the shell. Although there is some ground for the 
supposition, these shells are now usually believed to be Nucleobranchiata (or 
Heteropoda), allied to the floating Carinaria or Glass-shell, which they much 
resemble both in form and sculpture. 

The large Irish Lower Silurian fossil, Ecculiomphalus Bucklandi, Foss. 41. 

* C jclonema rapeitrif, Eiohw., from the Lower thomi, we may by this fact stre^hen the infer- 
Silurian limestone of the Chair of Kildare, Ire- enoes arrivea at in Chapter XX, ftrom other 
land, has concentric bands of colour, and an Ortho- data, that some of the Silurian sea-beds, extending 
oeras of the Caradoc Sandstone eidubits very di- over considerable areas, were formed in oompa- 
stinot longitudinal stripes. Now as Edward Forbes ratively shallow water. Mr. Qwyn J efftejB, how- 
(Prooeed. Boy. Soo. vol. vii. p. 21) has shown that ever, finds that coloured shells exist at greater 
coloured diells, striped or bimdeo, do not usually depths ; so that the conclusion must be Mopted 
deaoend to greater depths than from 16 to 20 fa- with caution. 
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f. 6, may probably be compared with the modem genus Atlanta— if its thin shell, 
triangular section, and finely striated surface do not betray affinity with the 
group next mentioned. 

There are certain genera, now clearly ascertained to be ^rms of Pteropoda — 
one of the inferior groups of Mollusca. Of Conularia, for example, a most beau- 
tiful ornate form, there are two or three species in the Lower Silurian. C. elon- 
gata, figured in the next woodcut, Foss. 41. f. 3, is frequent in Ireland ; and C. 
Sowerbyi, PI. XXV. f. 10, ranges upwards from the Caradoc strata to the Ludlow 
rocks. M. Barrande has figured many curious and large forms of Conularia from 
the Silurian rocks of Bohemia, one of which is spirally curved. Theca, a genus 
exceedingly like the modem Clio, has two species at least in the lower division, 
viz. T. triangularis (Orthoceras of Portlock), Foss. 41. f. 2, and another species, f. 1 
(T. triangularis of Hall), to which Mr. Salter applies the name T. reversa. It is 
found in North America, Scotland, and Wales, and is distinguished by hav- 
ing the dorsal (and not the ventral) suiface convex ; otherwise it is much like T. 
Forbesii, Sharpe. 


Fossils (41). IIetbropod and Pteropod Mollusca op the Lower Silurian Strata. 


1. Theca reversa, 
Salter (dorsal view). 
2. T. triangularis, 
Portl. (dorsal and 
ventral sides). 3. 
Conularia elongata, 
Portl. 4. Pterotheca 



transversa, Portlock. 
6. Ecculiomphalus 
Bucklandi, Portl. 6. 
Bellerophon pertur- 
batus, Sow. 7. B. 
acutus. 8. B. dila- 
tatus, Sow. 


Figs. 6 and 8 are species often 3 inches wide. The figures are much reduced. 

Pterotheca is a genus proposed (Report Brit. Assoc. 1862) for a wide shell 
like Cleodora : Pt. transversa is here given, f. 4. Pt. undulata, Salter, is a 
large and beautiful fossil found in North Wales and Shropshire. 

It is to be remarked that these ancient forms of their order were gigantic in 
comparison with their modem representatives. 

Cephalopodous or chambered Shells of the genera Orthoceras, Cyrtoceras, and 
Lituites occur in the Lower Silurian rocks. In the original Silurian region 
they ore, indeed, less abundant in the lower than in the upper divisions of the 
system ; but on the continent of Europe, particularly in Scandinavia, where 
they occur under different conditions, and in limestone, they are more firequent 
in the Lower than the Upper Silurian. Among the earlier developed 
British species are to be noted Orthoceras politum, MUoy, a large smooth shell 
seen by myself in situ in Ayrshire*; 0. vagans, Foss. 42. f. 1; 0. bilineatum, 
f. 2 ; O. tenuicinctum, f. 3 : the latter is a beautiful fossil. Another species 
characteristic of the Lower Silurian strata, and having a large lateral siphuncle, 
is 0. Brongniarti of Portlock, f. 4 ; it is supposed to be identical with one from 
North America, where similar forms are common in the Lower Silurian rocks. 
The great Orthoceras of the same strata of Scandinavia and Russia, 0. vagi- 
natum, Schlotheim, is occasionally thi*ee feet long ; it has been found in Scot- 
landt* Smooth Orthocerata, on the contrary, with slender central siphuncles, 
are not confined to either the upper or lower division. 

* Bee Quart. Joum. Geol. Boc. vol. vii. pi. 10. 


t Ib. p. 177. 
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It must here be specially noted that in the progress of research no less than 
eight species of Orthocerato have^ in England^ Wales^ and Ireland^ been found to 
rang^ &om strata of the age of the Caradoc rodcs to the Upper Silurian * , 
seyeral of them even into ^e Upper Ludlow rock : e, g, O. angulatum; Wahl. 
(O. virgatum^ SiL Syst) j 0. ibex, Sil. Syst. ; 0. subannulatum, Miinst. ; O. 


Fossils (42). Lowbr Silurian Cephalopoda. 


1. Qrthoceras vagans, 
Salter. 2. O. bilineatum, 
Hall. 3. 0. tenuicinctum, 
Portl. 4. O. Brongniarti, 
Troost. 




Some of the forms of 
Orthoceras that are most 
common in the Lower Si- 
lurian rooks. 


annulatum, Sil, Syst. (0. undulatum of foreign authors) ; 0. filosum, Sil. 
Syst. ; 0. subundulatum, Portl. (Creseis Sedgwicki, Forbes) ; 0. tenuicinctum, 
Portl. ; and O, primsevum (Creseis primsova, Forbes). There are probably 
others which have as great a range f. 

The singular Orthoceras bisiphonatum of the SiL Syst., only found in one 
locality, near Llandovery in South Wales (PI. XI. f. 6), appears to have two 
siphuncles, and belongs, in the opinion of Mr. Salter, to a distinct genus, for 
which he has proposed the name of TretocerasJ. It will be again noticed 
under the Llandovery formation. Oncoceras has been ' already mentioned, 

p. 166. 

There are several species of the genus Lituites in these old strata. L. comii- 
arietis, Foss. 43. f. 2, and L. Hibemicus, f. 3, are good examples of our British 
species. The former is also found in Scandinavia. L. anguiformis, Salter, is 
a third,- and there are other species in the Llandovery rocks. Cyrtoceras, 


Fossils (43). Lower Silurian Cephalopoda. 


1. Cyrtoceras ineequisep- 
tum, Forth 2. Lituites 
cornu-arietis, Sow. 3. L. 
(Trocholites) Hibemicus, 
^ter. 




Curved forms of Cepha- 
lopoda, rare in British 
Lower Silurian strata. 


which is distinguished by being much less curved than Lituites, includes several 
species in Britain : one, C. insequiseptum, Portl., from Ireland, is here repre- 
sented, f. 1 ; and some others are figured by Portlock ; and one of the Ayrshire 
Cephalopods is probably the Cyrtoceras multicameratum. Hall, of the United 
States. 

* Synopgis of the Palnocoio PossilB, W Sedg^k and M‘Coy, pp. 818 flfcc. 

t See Plates XXVI. to XXIX., and Chap. i. for some of these species. 

I Quart Joum. GheoL Boo. vol. xiv. p. 179. 
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Annelides^ oi Sea-wonus^ we hare already seen, Chap. II., preyailed in some 
of the earliest sediments in which traces of oi^anic remains are found*. They 
were not less plentiful in succeeding periods of the Silurian epoch, and occurred 
botJi in the form of burrows in the strata (Scolites), and as ti^ks upon the sur- 
face (Helminthites &c.). It is scarcely doubtful iiiat some of the long sinuous 
tracks observable on these old sediments were made by wandering species of 
Hiis tribe ; but the idea has nevertheless been su^ested by Geinitz, that some 
of those usually called Nereites may be soft and fleshy forms of Giaptolithina, 
and therefore have no real affinity with the Annelides. Certain branched forms 
found in the old rocks of Thuringia, and described by Prof. Hichter, give con- 
siderable force to this suggestion. Burrowing Crustacea also form such markingst* 

Specimens of these tracks were figured, as previously stated, from Uampeter, 
in South W ales, where they occur in strata which have been shown to overlie 
the Llandeilo rocks (see p. 72 ) : e. g.y Nereites Cambrensis, Foss. 44. f. 8 ; N. 
Sedgwicki, f. 2 ; and Myrianites MacLeayi, f. 1. 

Another form of these creatures, Crossopodia Scotica, f. 4, is given from spe- 
cimens collected by Professor Sedgwick, in the Graptolitic schists near Mo^t, 
in Dumfriesshire, a locality which I have also examined, and where I found 
other species of these supposed long Sea-worms. The length of some of these 
creatures must have been prodigious, probably many yards, judging from the 
frequent parallel coils which are exhibited on the surface of the schists. (The 
annexed figures are very much reduced.) It should, however, be borne in mind 
that in many cases we see only the track of the Worm, and not the impression 



of its soft body, which could rarely be preserved. Such tracks as these are met 
vdth in all the Palaeozoic rocks; but the burrows of the Worms (Scolites and 
Arenicolites) are yet more frequent. Wherever the sediments are sandy 
these creatures seem to have been present ; and the markings generally at- 
tributed to Fucoids are for the most part only the filled-up burrows of manne 
Worms and other animals. 


* See Quart. Joam. Geol. Boa toI. xiL p. 246; 
& vol. xiii. p. 199. 

t It is to be remembered that, aocording to 
Mr. Albany Ilanoook and other naturalists, such 
markings as these so-called Worm-tracks are in 
many cases caused by the burrowing of Crus- 
taceans beneath the sandy surfaces,— the galleries 
thus formed falling in, and producing fhrrow-like 
markings, with or without transverse notohings or 
latend marks caused by the jerking advance of 


the burrower. Professor Dana (‘ Manual of Ge- 
ology ') and Professor Bupert J ones (‘ Geologist ') 
refer the Canadian Climactiohnites to the burrow- 
ing of Trilobites; and Principal Dawson flnAi 
somewhat similar markings produced by the Id- 
mulus (*Canad. Geol. & Nat.’). See also Prof. 
Nicol’s remarks on little borings.at Durness, above, 
p. 166, note. 

X Bee Sil. Syst. pp. 363, 669, &a 
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The Tentaculites and Comulites of the earlier primeval strata must also be 
mentioned as remains of animals of this order, being probably Worms with 
shelly tubes like those of Serpula, but distinguished easily by their annulated 
form and cellular structure * (see PI. XVI. f. 3-10, for the form and magnified 
sections of 0. seipularius). Tentaculites Anglicus, PI. L f. 8, in Britain, is a 
characteristic Car^oc fossil ; but is also found abundantly in the Llandovery 
rock (T. scalaris of the Sil. Syst. is thought by some to be the interior cast of 
it). Comulites serpularius is a cosmopolite of this age, ranging from Sweden 
to North America ; but, unlike the Tentaculite just mentioned, it ascends from 
the Lower Silurian strata, where it is rare, to the very s ummi t of the Ludlow 
rocks. 

Orustcmans, — ^Nearly all the Articulata, besides the Annelides above 
mentioned, which have yet been detected in the Lower Silurian rocks 
belong to the extinct family of Entomostracous Crustaceans called Trilo- 
bites. The Silurian era was evidently one in which these animals flou- 
rished most ; for they became infinitely less abundant in the Devonian, 
and expired before the close of the Carboniferous era, during the earlier 
part of which, as will hereafter be seen, very few of their genera prevailed 
or lived on. As already indicated, we find some Trilobites in the oldest 
accumulations in which animal remains occur f ; and it is now to be re- 
marked that whilst, on the whole, certain genera and species of these 
creatures are more exact indicators of the successive strata than the other 
classes of animals, and that several genera are absolutely peculiar to the 
Lower Silurian rocks, there are some species, widely diffused over the 
world in strata of this era, which are common to both divisions. 

The researches of -Messrs. Hicks and Salter in the lowest part of the ^ Primor- 
dial ^ Silurian rocks of St. David’s Head, in South Wales, have resulted in 
adding many new species to the fauna of this series. In the annexed diagram 
(Foss. 45) will be found some of the chief forms of Trilobites that occur in the 
lowest Lingula-flags. The occurrence of three new species of Paradoxides (P. 
aurora, P. Davidis, and P. Hicksii, of Salter), added to the already well-known 
P. Forchhammeri, Angelin, tends to link on still more strongly the Silurian fauna 
of these islands to that of Sweden and Norway. 

Olenus micrurus, fig. 2, and 0. cataractes, fig. 3, together with Agnostus 
princeps, fig. 4, are all found in the black Lingula-schists of North Wales. The 
last, A. princeps, occurs in the Black Shales of the Malvern Hills, as well as in the 
Upper Lingula-flags of Penmorfa and the Tremadoc Slates of Portmadoc. Co- 
nocoiyphe depressa, Salter (Ellipsocephalus ? of my former edition, p. 47, Foss. 7. 
fig. 2), is a Ijower Tremadoc Species, and may probably be found to occur in the 
Upper Lingula-flags when these shall have l^en more carefully examined. C. 
invita, Salter, from the Upper Lingula-flags of Penmorfa (Tremadoc), so closely 
resembles C. Emmerichii of Barrande that it may almost be mistaken for that 

* These focMdJbBf Tentacnlites and Cornolites, f For example, in the Cambrian rooks of the 
have been assigned to various groups of animals, Longmjnd, in the Alum-slates of Sweden (tte- 
the notion that they were parts of orinoidal orea- giones A. B. of Ajigelin), in the Lingula-slates of 
tmres being the most generally aooepted. They North Wales, and in the Lowest Silurian of the 
w^, however, shelly tubes, of a highly complex United Statea This is the eone to which M. 
oeUular rtraoture, not jointed tentacles or stems, Barrande first attached importance (‘Zone primor- 
*T TO- a raeans be parts of such animals, diale ') by working out iw very peculiar and re- 

markable fauna in^ohemia. 
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specien^ were it not that the glabella has only two pairs of furrows and is long 
and urceolate. The British species is a good representatiye of Barrande’s 

Fossils (46). Lower Silurian Trilobitbs of the ‘ Primordial Zone * op Wales. 



4 6 


1. Faradoxides Bayid^s, Salter. 2. Olenus micmruB, Salter. 3. Olenus cataractes. 
Salter. 4. Agnostus princeps, Salter. 6. Angelina Sedgwickii, Salter. 6. Ampyx 
preenuntius, Salter. 7. Cheirurus Frederici, Salter. 8. Conocoryphe depressa, Salter. 
9. Asaphus (Isotelus) Homfrayii, Salter. 


Bohemian type. Angelina Sedgwickii, fig. 6, Ampyx prssnuntius, fig. 6, Chei- 
rurus Frederici, fig. 7, and Asaphus (Isotelus) Homfrayii, fig. 8, are all exclusively 
Upper Tremadoc species *. 

The genera of Trilobites peculiar to the Lower Silurian, not only in this 
country, but on the Continent and in America, are : — Olenus, Conocoryphe, 
Agnostus, Faradoxides, Cybele, Trinucleus, Ogygia, Asaphus, Remopleurides, 
and the trilobed forms of Ulsenus, the first four being principally (though not 
wholly, except Faradoxides) confined to the lowest division or Lingula-flags. 
On the other hand, the genera Ampyx, Calymene, Lichas, Froetus, Homa- 
lonotus, Cheirurus, Encrinurus, Bronteus, and that division of Ulsenus which 
I still believe to be a true genus t (Bumastus, Murch.), are found both in the 
Lower and Upper Silurian. Mr. Salter has reminded me, further, that there is 
scarcely one genus of the upper division which had not previously existed in 
the earlier period. 

Of these there is perhaps no one species which has a greater vertical range, 

* The reader who wiehee to study these and phioal Society, 
other Trilobites must take in hand Mr. Salter’s t The pygidinm is simple, not trilobed at in 
masterly ‘ Monograph of the British Trilobites,' most species of Illienus. 
now in course of publication by the Falaeontogra- 
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or is more widely diffiised in geograpliical space, than the long-known Dudley 
fossil, Calymene Blumenhachii, Brongn. When this Trilobite was described 
in the ^ Silurian System,^ it was considered to be typical of the upper rocks 
only, whether of Wenlock or of Ludlow age ; but it has since been found in 
abundance in the lower strata of the Caradoc formation, even near Snowdon, 
and I have myself procured it from beds of Caradoc Sandstone in Shropshire. 
Again, a variety of this species occurs in the Lower Silurian rocks of Ty- 
rone^ and thus, like many examples of the other classes of marine animus 
which lived in primeval days, this Crustacean links together the Lower and 
Upper Silurian in one system of life. (See PI. XVIII. f. 10. The head is re- 
presented, Foss. 13. f. 1.) It has also been found in Sweden, Bohemia, North 
America, and Eastern Australia (P), and always in company with similar gene- 
ric forms. Acidaspis Brightii, PL XVIII. f. 7, and Cheirurus bimucronatus, 
PI. XIX. f. 11, also occur in both divisions, — the former, however, but rarely, 
the latter abundantly. So do also Cyphaspis megalops, M^Coy, and Stauroce- 
phalus Murchisoni, Barr., a small Trilobite with a globular head and serrate tail. 
The Lower Silurian fossil, PI. II. f. 3, 4, called Asaphus Vulcani in the ^ Silu- 
rian System,’ is a species of Homalonotus, a genus formerly thought to be 
peculiar to the Upper Silurian, but of which several examples are now known 
in the lower division. 


Fossils (46). Trilobites, &c., typical op Lower Silurian Bocks. 


1. Asaphus Pow- 
isii, Murch. 2. 
Ilkenus Darisii, 
Salter. 3. Trinu- 
cleus concentricus, 
Eaton(Trin. Carac- 
taci, Sil. Syst.). 4. 
Calymene brevi- 
capitata, Portlock, 



5. Lichas laxatus, 
MUoy. G.Agnostus 
trinodus, StUter. 7. 
Beyrichia compli- 
cata, Salter, en- 
larged. (The last is 
not a Trilobite, but 
a Bivalved Phyllo- 
podousCrustai^n.) 


The principal forms which have proved unerring indices of the Lower Silurian 
of Britain are Paradoxides, Olenus, Agnostus, Conocoryphe, Dikelocephalus, 
and the true Asaphus (such as A. Powisii, Foss. 46. f. 1 ; A. tyrannus, PI. I. 
f. 4, 6, and PI. IT. £ 1), with five species of Trinucleus, PL TV., all of which 
were formerly published as true Lower Silurian types. 

Trinucleus concentricus (Caractaci, Sil. Syst.), PL IV. f. 2-6, Foss. 46. f. 3, and 
Foss. 47, has a very extensive Lower Silurian range both in Europe and America. 
This species varies greatly in form and markings j and, being a very common 
species, it is met with in every variety of distortion and compression, so that 
it might often at first sight be referred to a number of different species. 
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Trinucleus Muicbisonii, Fobs. 9. f. 7, together with the remarkable spedes T. 
Gibbsii, Foss. 10. £ 7, have already been quoted from the lowest beds (pp. 48, 61). 
T. fimbriatus, PL IV. f. 7, and T, Lloydii, £ 6, are good indications of the Ilan- 
deilo flags, for they occur in them only ; while T, seticomis, Hisinger, a species 
found in Wales, Scotland, Ireland, and also in Sweden, is, on the contrary, ex- 
dusively a Caradoc form (see p. 69.) 

Fossils (47). 

Tbinucleus concentbicus : thbee specimens, distobted by Slaty Olxavaqe. 



This woodcut, in illustration of the various forms which a single species may assume 
under the influence of that change in the strata which is called slaty cleavage (see 
p. 32), represents a group of forms, apparently very dissimilar, but all of the same 
species, here given in their natural position on a fragment of slate. (Phillips, Report 
Brit. Assoc, vol. xii. pp. 60, 61.) 

Better specimens of some species of Trilobites having been found than those 
which were collected at the time of the publication of the ' Silurian System,’ 
figures of them are given in the following woodcut, Foss. 48, namely Phacops 
conophthalmus, f. 3, and Ampyx (formerly Trinucleus) nudus, f. 7. Several 
species, not there described, have been since added to our lists, and a few of 
them are also here figured. Cybele verrucosa, f. 2, is one of these, and is a com- 
mon species in Britain and Sweden. C. rugosa, Portlock, Encrinurus baccatus of 
the same author, E. sexcostatus, Salter, Ilarpes Flanagani (Foss. 48. f. 4), and H. 
Dorani, PortL (the latter both in Ireland and Wales), are all Caradoc or Bala 
species. Remopleurides dorso-spinifer, Foss. 48. f. 6, and three other species, 
Acidaspis bispinosa, f. 6, Cyphoniscus socialis, f. 8, and Cheirurus clavifrons, 
f. 1, all figured at p. 206, are common in Pembrokeshire and Ireland ; Cheirurus 
gelasinosus, Portlock, is now a well-known species in Scotland and North Ire- 
land. Lichas Hibernicus, from Tyrone, and Lichas laxatus, Foss. 46. f. 6, are 
examples of a highly complex genus not known in a complete form when my 
former work was printed. lUsenus Davisii, Foss. 46. f. 2, with II. Bowmanni, 
Salter, from Bala, and II. MurchLsoni, Salt., from Carmarthenshire, are common 
Trilobites. Agnostus trinodus, Foss. 46. f. 6, is a Caradoc fossil ; A. Maccoyii, 
PI. III. f. 7, from Builth, is from the Llandeilo flags. A. pisiformis, Linn., the 
Swedish species, has been already quoted, p. 46. 

Some species of Acidaspis from Shropshire, and several fine forms from the 
Girvan district of Ayrshire have been figured by Professor Wyville Thom- 
son*, of Belfast, and Mr. Salter; and there are numerous species and even 
genera yet undescribed. 

The minute Bivalved Crustacean of the Phyllopod tribe, Beyrichia complicata, 
Foss. 46. f. 7, occurs throughout the whole of the Lower Silurian region of 
Shropshire and Wales. Of this last-named genus several other forms are 
known : B. Barrandiana, Jones, is Lower Silurian ; B. Kloedeni, M^Coy, B. 
siliqua, Jones &c., are Upper Silurian species. The allied genus Primitia has 

* Quart. Joum. Geol. Soc. vol. xiii. p. 206. 
t Ann. & Mag. Nat Hist 1655, vol. xvi. pis. 5 & 6. 



206 


SILUEU. 


[Chap. IX. 

also Lower Silurian forms (P. strangrtlata^ Salter, P. simplex, Jones, &c.), and 
Upper Silurian (P. umbilicata, Jones, P. Roemeriana, Jones, &c.). The genus 
Leperditia (composed of larger, smootb- forms of tbis group) idso furnishes some 
British Silurian species • ; Entomis, another Phyllopod, is foimd both in Scot- 
land (Pentland Hills) and Shropshire^ and two or three large fossils of the 
Phyllopod group have also been collected in the black slates of the South of 
Scotland (p. 162). 

No other tribes of Crustaceans than the Trilobites and the Phyllopods above 
noted, with the Phyllopodous Hymenocaris vermicauda, mentioned at p. 44, 
have been found in the Lower Silurian rocks of Britain. In the seq^uel it will 
be seen, that a group of Crustacea, vastly superior in size, but perhaps not of 
higher organization than those above cited, is foimd in the uppermost zone of 
the system. 

Fossils (48). Lowee Silurian Trilobites. 


1. Cheirurusclavi- 
frons, Dahn. 2. Cy- 
bele verrucosa, Dalm. 
3. Phaoops oonoph- 
ihalmus, Beck. 4. 
Harpes Flanagani, 
Poru. 5. Remopleu- 
rides dorso-spinifer, 



Forth 6. Acidaspis 
bispinosa, M‘C(w. 7. 
Anmyx nudus, Mur. 
8. Cyphoniscus soci- 
alis, Salter : the line 
beneath indicates its 
natural 8 i 2 se. 


With regard to the distribution of the British Trilobites, I would direct 
the attention of the reader to the Descriptions of the Lower PalsBozoic 
Fossils in the Cambridge Woodwardian Museum, by Professor MUoy, in order 
that he may see how many species, even in that one rich collection, are common 
to what have been so long and so generally called the Lower and Upper Silurian 
rocks. 

He will see that out of fifty-six species of Trilobites there enumerated 
(being double the list first published in my original work) nearly all the new 
forms have been found in localities of Montgomery, Radnor, Brecon, Carmar- 
then and Pembroke, which were laid down by me as Lower Silurian on the 
map, — a strong indication that the region first described as Silurian still affords 
the best fossil types. 

It is here important to remark that the numerous Footmarks in the 
Potsdam Sandstone or lowest Silurian rock of North America, which were 
at first supposed to have been made by Tortoises, were, in consequence of 
the discovery of better specimens, subsequently referred by Professor 
Owen to Crustaceans f ; and tracks of a similar kind, but far smaller, have 
been found in our own country (see above, p. 151). Hence this last class 
of animals may still bo considered the highest type of life in the earliest 

* Jones, Ann. & Ma|;. Nat. Hist 1856, voL zrii. roecunens and oasts of a veT 3 r great number of 
p. 95. tnese large and curious impressionB, cannot be too 

t Bee Quart Joum. Geol.Soavol.TiL p. 247, uid much commended. In default of these labours, 
Tol. viii. p. 228. The seal of that acute and la- most erroneous ideas would have been propagated 
borioQB geologist Sir William Lo^n, in proourii^' respecting the Lower Silurian fauna. 
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fossiliferous strata known. It is, indeed, a remarkable fact that the most 
sedulous research in many parts of the world has failed to discover the 
trace of any vertebrated animal in the lower division of the Silurian 
system. All the marine animals (amoimting to many hundred, perhaps 
even to a thousand species) already known belong to the invertebrated 
classes, no Fish having yet been observed. This observation applies 
also to the Upper Silurian rocks of Britain, with the exception of their 
highest bands, — a fact formerly dwelt upon in the ^ Silurian System.^ 

Having thus referred to the figures first published in my original work, 
and now reproduced at the end of this volume, as well as to other types of 
Lower Silurian age which have been subsequently discovered, we now 
pass on to consider the assemblage of fossil animals specially characteristic 
of the Llandovery rocks — the formation which connects the Lower and 
Upper Silurian divisions. 

FossiU of the Llandovery Rocks . — The principal organic remains belonging to 
this zone, which I previously regarded as the upper portion of the Lower Silurian 
rocks, are now eliminated from the catalogues through which they were diffused 
in the ‘ Silurian System ’ and in the first edition of this work, and are here 
brought together. (See Pis. VIII.-XI. ; and Foss. 16, p. 90.) 

This important and varied group, which is also found to intervene between 
the much greater masses of Lower and Upper Silurian rocks in Russia, Scandi- 
navia, and America, is nowhere more largely developed than in the British Isles. 
Though linked on to the Lower Silurian by several typical forms, the fauna of 
these rocks has, on the whole, a peculiar facies ; and many of the species in the 
superior division of the series are Upper Silurian. The great number of Trilo- 
bites we have been considering in the earlier part of this Chapter have disap- 
peared, and a fe^7 rare species of those ancient Crustaceans, including one or two 
that are specially distinctive of this intermediate series, are mingled with others 
which become plentiful in the Upper Silurian rocks. The prevailing Corals, 
Brachiopods, and Univalves differ but little from those of the inferior strata ; 
there being several typical Shells which continued to live on. On the other 
hand, certain forms which have not been found in the Llandeilo and Cara- 
doc formations give a marked impress to this group. Some of these differences 
may, no doubt, be due to the gravelly and sandy nature of the strata, com- 
pared with the more argillaceous materials of the Lower Silurian rocks ; but 
this explanation will not suffice when the arenaceous members of both groups 
are put in comparison. 

Though Graptolites are rare, G. priodon is present, a species which ranges 
from the true Lower Silurian up to the Ludlow rocks. The Corals are by no 
means few in number j and many of them — such as the Chain-coral (Halysites), 
the various species of Favosites and Heliolites, Syringopora, &c. — are the same 
as those known in the Lower and Upper Silurian. Favosites Gotlandicus and 
Heliolites interstinctus are common everywhere, and these species seem to have 
been indifferent (as very common species usually are) to the nature of the sea- 
bottom on which they lived. Some new species are added, both of the Mille- 
pore (Zoantharia tabulate) and Cup-coral (Rugosa*) groups, which will be 
noticed in their proper places. 

* This group of the Actinosoa will be again referred to in the sequel. 
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The Oup-corals chiefly belong to the genus Petraia, which is eminently cha- 
racteristic of the Llandovery rocks, but comparatively rare either above or below 
them. The most common species is Petraia subduplicata, Foss. 16. f. 11, p. 90, 
which, with its elegant variety, crenulata, occurs in nearly every locality, both in 
the upper and lower portions of the deposit, in Wales, Scotland, and western 
Ireland. Petraia elongate, PhilL, a larger species, is more common in the upper 
than in the lower beds, as at May Hill, Piesteign, &c. ; while P. bina, Lons- 
dale, Foss. 63. f. 7, is apparently confined to the upper division, and ranges into 
the Wenlock rocks. P. mquisulcata of M^Coy, another large species, occurs 
near Girvan in Scotland, and, with P. subduplicata, M^Ooy, is sometimes found 
in true Lower Silurian rocks. A square form, named Petraia quadrata by 
M^Coy, is foimd near Galway ; it belongs, however, to the genus GoniophyUum, 
Milne-Edwards, and is the same as the Wenlock species of Gothland, the 
GoniophyUum quadratum, according to that author. There are also other 
species, as weU as some Cup-corals of a larger size, which may be species of 
CyathophyUum or Omphyma ; and these are chiefly in the upper strata of the 
formation. 

The class of Polyzoa, which is not absent from the Lower SUurian rocks, as 
before mentioned, is represented here by several species. Though not yet 
clearly defined, they have been chiefly referred to branched forms of the genus M- 
lodictya. Pt. dichotoma, p. 189, Foss. 31. f. 6, a Lower Silurian species, is the most 
frequent j but the W enlock forms, Pt. lanceolata and Pt. scalpeUum (Foss. 60. f. 6, 
& 61, pp. 216, 217), also occur, with several incrusting species. The most re- 
markable of these, if, indeed, it be allowed to remain in this group of fossils, is the 
Nidulites favus, p. 188, Foss. 30. f. 3. This fossil is characteristic of the Lower 
Llandovery series both in South Wales (Haverfordwest) and in the South of 
Scotland (Girvan), in each of which localities it is associated with the same 
fossils. It was for some time believed to be the nidus of a Gasteropod, similar 
to that made by the modem Natica *, the cup-like form of which it imitates. 
This explanation fails, however, when the fossil is more closely examined, since 
the ceUs are equal and regular on both sides of a central lamina and are set back 
to back like the ceUs of a honeycomb — ^whence the name. At the bottom of 
the cells a minute pit or depression is frequently visible, and this becomes a tu- 
bercle on the cast (in which state the fossils are always found). No trace of 
any upper plate or cover to the ceUs (which would exist in all the analogous 
types of Polyzoa) has been detected. The ceUs would seem to have been quite 
open at the top j and as they are much larger than in any living species of 
that group, the exact affinity of the fossil has yet to be determined : possibly it 
belongs to the Amorphozoa. 

Fragments and stems of Encrinites are not uncommon ; but no perfect speci- 
mens have yet been obtained — although throughout the conglomerates and sand- 
stones of this age in South Wales Encrinite stems are the chief, and often the 
only fossils. These stems are usually hollow, a character common to all the 
Lower Silurian species j while those of the Upper Silurian are mostly compact, 
with a small perforation only. The Llandovery rocks contain, however, both 
these kinds. A large species of Encrinite, with tuberculate joints alternating 
with very narrow plain joints, is found everywhere in the Upper Llandovery 
strata, ^d is figured from Presteign, where it abounds (PI. X. f. 1). 

Cystidea are very rare, a few detached plates occurring here and there in 
South Wales ^ the curious genus Pleurocystites (p. 191), however, is found at 

* See Quart. Joum. GeoL Soo. vol. vii. p, 174. 
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the base of the series near Llandovery. The same species, PL Bugeri, Salter •, 
also occurs in the immediately underlying Caradoc formation. When this family 
of Echinoderms appears in Upper Silurian strata, the species (and, indeed, most 
of the genera) are quite distinct from those of the Lower Silurian rocks. 

The Brachiopods are, as throughout the Silurian system, the most abundant 
fossils ; and, as might be expected, the species which range from the lower to 
the upper division are the most common. The genera Orthis, Leptaena, and 
Strophomena are still prevalent, and many of these are the same species which 
have been quoted as Lower Silurian types. Discina is seldom met with. Rhyn- 
chonella, Atrypa, and Spirifer, which are rare in Lower Silurian rocks, become 
plentiful. 

The Pentameri (including Stricklandinise) are, however, the characteristic 
fossils which impart to this zone its peculiar and distinct facies. No less than 
five species, whether smooth or only slightly ribbed, occur ; and of these, P. lens. 
Sow., and P. oblongus, Sow., are the best-known and the most widely spread. 
The typical species, P. oblongus, is easily distinguished from the others, P. lens 
and P. liratus. Sow., by the great length of the mesial septum, which in these 
latter is quite a short appendage to the V-shaped chamber *. The two longi- 
tudinal plates, also, which divide the upper valve, are peculiar to this species ; 
whilst in P. lens they are very short, and in P. liratus are reduced to a pair of 
processes which pass inwards, but do not show upon the surface of the cast 
(see Foss. 15. f. 1 & 3, p. 90) j these last two species are referred by Mr. Billings 
to bis new genua Stricklandinia Pentanierus globosus, Sow., is a rare species, 
easily recognized by its globular shape ; and P. undatus. Sow., is small and broad, 
with a wide central fold, and very short dividing plates. (See Plate VIII.) 

The distribution of these species is as follows : — In the Lower Llandovery 
rocks of South Wales, P. imdatus. Sow., and P. (Stricklandinia) lens. Sow., are 
everywhere found, — P. globosus. Sow., and P. oblongus. Sow., being rare. In 
the upper series, whether in South Wales, Shropshire, or in the South of Scot- 
land (as at Saugh Hill near Girvan), P. oblongus is the prevailing fossil, occur- 
ring often in great banks to the exclusion of all other fossils, but generally 
accompanied by the species just named. At May Hill and the Malvems, Strick- 
landinia lens is by far the more common species ; St. lirata accompanies both 
these in the higher beds, and is the only one of the five species which ranges 
into the base of the Wenlock formation. 

Of Terebratuloid shells, two or three are typical of the formation. The cha- 
racteristic species of the Lower Llandovery rocks is the smooth shell Meristella 
angustifrons, M^Coy, Foss. 49. f. 2. It was first described from the sandstones 
of Mulloch, Ayrshire, and has since been detected near Builth, and in the 
lower beds at Llandovery. Meristella crassa, Sow., PI. II. f. 7, is one of the com- 
monest species in the same beds, and apparently confined to them. M. furcata. 
Sow., PI. IX. f. 12, one of the same group, is an Upper Llandovery species, 
Bhynchonella decemplicata. Sow., f. 15, is a characteristic shell of the Upper ^ 
Llandovery rocks, and abounds through the Malvern and May Hill districts, and 
round the flanks of the Longmynd. It is never found in the Lower Llandovery 
beds, but occurs in the Denbighshire sandstones, associated with Upper Silurian 

* Mem. Geol. Surv. vol. iii. p. 288. the true Upper Silurian rooks. For a desoription 

t Pentmerus undatus, a most abundant species, of the structure of Fentamerus, consult Mr. 
is considered by M‘Coy to be identical with P. Dayidson’s Monograph, Paloonto^phioal So- 
linguifer of the Woolhope and Wenlock lime- detv, vol. i. p. 97; and for excellent descriptions 
stones The great poin£ however, on which I of the species, see Prof. M‘Coy in the Synopsis of 
relied in formerly classing these rooks as Lower the Woodwardian Museum. The F. microoamerus 
Silurian, was the invari^e absence of their type of this author appears not to be distinct from P. 
shell P. oblongus, and its usual associates, from wl lens. 
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fossils only. Rh. nucula, Sow., PL XXII. f. 1, occurs with it at Tortworth and 
May HilL Another species, which cannot be distinguished from Rh. obtusiplicata 
of Hall, is found in the conglomerates on the west flank of the Worcester Beacon, 


Fossils (49). Some Llakdovbbt Bbaohiopods. 


1. Bhynchonella ? 
^ke serrata, 

M'Coy). 2. Meris- 
tella angustifrons, 
M‘Coy. 3. Orthis 




reverse^ Salter. (All 
occur in the South 
of Scotland and the 
West of Ireland.) 


Malvern. Rh. serrata (?), M^Coy, Foss. 49, f. 1, a beautiful shell, with Rh. sex- 
costata, M’Coy, are found in Galway, the former also in Ayrshire. Retzia 
cuneata, Dalm., and Rh 3 mchonella borealis, Schlot., are met with in the South 
of Scotland, with Rh. Wilsoni. This last-named fossil is thenceforward per- 
sistent throughout all the deposits to the Upper Ludlow inclusive. Atrypa (P) 
Grayii, Dav., Foss. 68. f. 3, and Meristella (?) didyma, Dalm., formerly regarded 
as Rhynchonellse, and characteristic Wenlock forms, are found in the upper 
beds, near Llandovery. 

The genus Atrypa is very abundant. A. marginalis, PI. IX. f. 2, is one of 
the common fossils of the formation. A. reticularis, PL IX. f. 1, and Foss. 16. 
f. 6, p. 90, appears to have commenced with the Llandovery period, and ranges 
upwards throughout all the overlying Silurian groups. On the other hand, A. 
hemisphaerica, PL IX. f. 3, is confined to the Upper Llandovery beds. This 
kpecies swarms at Tortworth, Presteign, and Abberley, but is rare in Wales. 
Spirifer elevatus, Dalm., and Sp. exporrectus, Wahl., are found at Tortworth 
and May Hill (see Plates IX. & XXI.). 

The well-known Lower Silurian Orthides, 0. calligramma, Dalm. (not flabellu- 
lum), and O. elegantula, Dalm. PI. IX. f. 19 & 21, are somewhat frequent in the 
Llandovery rocks, and are also occasionally accompanied by O. Actonise, Sow., 
and O. insularis. Pander. Other species peculiar to these rocks are 0. reversa, 
Salter*, Foss. 49 . f. S^and 0. lata. Sow., PL IX. f. 23, whilst O. biloba, Linn., 
and 0. elegantula, Dalm., which are Upper Silurian species, are also known in 
both divisions of this formation. 

Of the genus Strophomena, the widely spread S. depressa, Dalm., which ranges 
from the Llandeilo to the Wenlock rocks, and S. antiquata. Sow., are common 
in the lower division ; S. bipartita. Salt. (S. altemata, Conrad), of Caradoc age, 
and S. euglypha, Dahn., of the Wenlock deposits, are more rare. In thooipper 
beds, S. compressa, PL IX. f. 16, with S. pecten, Foss. 69. f. 3, and an un- 
described species, S. arenacea, Salter, MS., are frequent types. 

Leptsena transversalis, Dalm., and L. sericea. Sow., PL IX. f. 18, both well- 
known Lower Silurian fossils, wdth a small species, L. scissa, Salter, MS., are 
found in both of the Llandovery divisions, the first-named being the most com- 
mon fossil. 

Of Lingulae there are a few species : L. crumena, Phillips, Foss. 13. 1 6, p. 68, 
and L. parallela, Phill., are common at Malvern; and there is a species, yet 
unnamed, in the Lower Llandovery rocks. Discina (Orbicula, Sil. Syst.) is 

* M‘Coy and Griffith's Synopsis of the Silurian Fossils of Ireland, Appendix, pi. 6. f. 2. 
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very rare, but tbe small Crania implicata, PI. XX. £ 4, is found occasionally in 
the bigber beds. 

Tbe above-mentioned Bracbiopod Shells are by no means equally distributed 
tbrougbout tbe various localities where tbe Llandovery strata crop out. In tbe 
Abberley, Malvern, and Tortwortb districts, Atrypa bemispbeerica, Sow., is tbe 
common fossil, and Pentameri are rare. At May Hill, and round tbe flanks of 
the Longmynd, on tbe other band, tbe various species of Pentamerus and 
Stricklandinia prevail, and are accompanied by Orthis calligramma, Dalm., and 
O. reversa. Salt, Stropbomena compressa. Sow., Spirifer plicatellus, and Sp. 
elevatus, and, rarely, at May Hill by Cbonetes lata, von Bucb. Tbe Malvern 
district is rich in a variety of fossils. Besides the Pentameri, Ebyncbonella 
decemplicata. Sow., Meristella ? furcata. Sow., and several other species of the 
genus not yet named, we there meet with many fine Lingules, which have been 
above noticed. In the Abberley IIill« Atrypa bemispbaBrica is tbe common fossil. 

The small outlier at Presteign (p. 107) contains few species ; but these attain 
a large size, and Pentamerus oblongus and Atrypa bemispbaerica are profusely 
distributed in it. Along the South- Welsh frontier tbe upper and lower divi- 
sions are marked by their peculiar Pentameri, as already noted, p. 88. 

In the clifis of Marloes Bay, Pembrokeshire, where tbe Llandovery rocks 
assume a peculiar mineral structure (see p. 143), the ordinary Bracbiopods still 
prevail. Thus Stricklandinia lirata lies at the base of the Wenlock series, with 
a thin layer of Pentamerus oblongus underneath. These are in that locality the 
only representatives of those genera. Bhynchonella decemplicata and a new 
species with two raised ribs in front, Stropbomena compressa, and Atrypa hemi- 
sphsBrica are, however, common. In Galway Orthis calligramma forms entire 
beds ; and the only Pentamerus yet found there is P. oblongus. Atrypa hemi- 
spheBrica is also there both numerous and of great size ; and Orthis reversa, with 
Bhynchonella serrata, are common. These species also abound in Ayrshire, 
where Bh. serrata and small forms of Atrypa hemisphsBrica lie in the upper beds, 
and a large variety of the latter species, with Meristella angustifrons and Orthis 
reversa, in the lower. The distribution in Ayrshire is, therefore, like that in 
South Wales j and the other groups of fossils, as weU as the Brachiopoda, follow 
the same rule. 

Lamellibranchiate Shells are not common ; but certain species are character- 
istic of the formation. A long variety of the Pterinea retroflexa, PI. XXIII. f. 17, 
is plentiful at Malvern, and idso in the Connemara tract of Galway, where two 
or three other Ludlow-rock forms occur, such as Pt. sublsevis, M^Coy, and Pt. 


bullata, M^Coy, with Pt. lineatula, Sow., PI. XX 111. f. 16. A small species, 
perhaps inaccurately referred to the genus, Pt. planulata, Conrad, Foss. 60, £ 6, 
is not uncommon in the upper beds of the formation ; it is a W'enlock species. 


CucuJleUa ? ovata and C. antiqua. Sow., are found in Galway. 

Two or three rather large species of Ctenodonta occur near Malvern, such as 


the Ct. lingualis, Phillips, Ct. rhomboidea of the same author, and its variety Ct. 
deltoidea, Phill. There, too, the remarkable thick species, Ctenodonta Eastnori 


ft-nd Ct. subeequalis, PI. X. £ 7-9, abound ; Ct. ovalis, 1^1, XXIII. £ 10, and Ct, 


subcylindrica, M^Coy, are Galway species. Lyrodesma (Actinodonta) cuneata, 
Phillips, is characteristic of the Upper Llandovery beds in Pembrokeshire. 

A few Mytiloid shells are to be noticed. These are : — Mytilus mytilimeris, 
Foss. 61. £ 6, at Llandovery and May Hill ; two or three species of Modio- 


lopsis at Tortwortb ; and the small Anodontopsis bulla, £ 6, a species which 
lived on to the close of the Ludlow rocks, and was first described by M^Coy 


p2 
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from Galway. Orthonota semisulcata, Sow., is recorded by that author from 
the Ayrshire sandstone^ and O. rotundata, PI. XXIII. f. 6, from Galway; 
where, too, a solitary species of Pleurorhynchus (PI. pristis, Salter) has been 
foimd. 

If the Lamellibranchiate Shells do not present any marked characters, it is 
otherwise with the Gasteropoda, which are numerous and peculiar. Both tur- 
binate and elongate forms abound — such as angular species of Pleurotomaria and 
Murchisonia, the depressed foim Raphistoma (so common in the Lower Silurian), 
Euomphalus, Trochus ?, Ilolopea, and Holopella. Macrocheilus, Acroculia, Pa- 
tella, and even Chiton are also found here. The last is particularly interesting, 
carrjdng back, as it does, a mai’ked and common living genus to this Middle Si- 
lurian time. It is of so elongate a form that the term Helminthochiton was ap- 
plied to it by Mr. Salter, who described it so far back as 1846 in Sir R. Griffith's 
Synopsis of the Silurian Fossils of Ireland. Acroculia Haliotis, Sow., is rare in 
the upper beds, in which only Euomphalus funatus, Sow., and Eu. sculptus. Sow., 
so abundant at Tortworth, are found. There are some undescribed species of 
Turbo — ^though some "shells referi'ed to this genus evidently do not belong to it, 
being with strong striae of growth, and raised ridges round the whorls. Such are 
Trochonema trochleata of M^Coy and T. tricincta, M^Coy, from Galway ; and 
such also may be the thin American sheDs called Cyclonema by Hall, and of 
which C. ventricosa of that author is found at Tortworth. The little Turbo 
tritorquatus, M^Coy, from Llandovery, and also from Galway, may belong to this 
group ; there is but slight evidence, however, that any of the above-named spe- 
cies belong to the genera to which they have been assigned. 

The genus Trochus, so-called, contains two, if not three species. T. Moorei, 
M^Coy, is probably a Pleurotomaria ; but the T. multitorquatus of that author, 
which (or an allied species) appears to occur both in Ayrshire and Pembroke- 
shire, can scarcely be referred at present to any other genus. It is a most re- 
markable shell, with at least seven flat whorls. Pleurotomariee and Murchisoniee 
are common fossils. Murchisonia Pryceae, Sow., and M. angulata. Sow., PI. X. 
f. 11, 12, are found throughout the Lower Idandover}^ of Wales. The inhabi- 
tants of these shells seem to have delighted to live upon the sandy and pebbly 
shoals which, now formed into conglomerate, are so frequent in the hills on the 
right bank of the Towy. Murchisonia simplex, M^Coy, is found in similar situa- 
tions, but in a less coarse matrix; it is chiefly a Lower Silurian species. M. 
cancellatula, M^Coy, is an Ayrshire fossil, and M. pulchra, M^Coy, a Galway 
species. A large angular shell, to which Mr. Salter applies the MS. name M. 
bicoronata, is very common at Haverfordwest and in other parts of Wales. 
Raphistoma lenticularis, PI. X. f. 10, is everywhere met with in the Llandovery 
rocks. Two or three species of Holopella (Turritella of my old work) are found 
in the same zone at Tortworth, and appear to be also the common species^f the 
uppermost Ludlow rock — H. obsoleta, Sow., H. gregaria. Sow., &c. These have 
been found in Galway too by M^Coy, as well as H. plana, M^Coy. H. tenui- 
cincta of the same author is a Lower Llandovery form, while H. cancellata, 
Sow., our largest British species, often three inches long, is common to the 
Lower and Upper Llandovery, and abounds in still higher beds at the Bogmine 
near Shelve in Shropshire. An angular-whorled Loxonema is found at Marloes 
Bay ; and Macrocheilus fusiformis. Sow., the largest of the Gasteropoda of the 
Idandovery rocks, is a rare fossil from Presteign. 

The Pteropods contribute a few species, of which Conularia Sowerbyi,Pl. XXV. 
f. 10, Ecculiomphalus Scoticus, M^Coy, and a fine species of Pterotheca ore the 
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chief. The last, which much resembles Pt. transversa, Port!., of the Lower Si- 
lunaiij occurs in the Upper Llandovery rock of Tortworth. 

Of Bellerophon, no less than eight species have been already observed, and 
there are probably many more. The great B. dilatatus, PL XXV. f. 6, is found both 
in Lower and Upper Silurian, as well as in this band. B. bilobatus, PI. VII. f. 9, 
so common in the Caradoc sandstone, and so characteristic of the Lower Silurian 
of France, Spain, and Bohemia, ranges up into the Lower Llandovery in Ayr- 
shire, where B. subdecussatus, MUoy, and at least two other unnamed species 
occur. Lastly, B. trilobatus, one of the uppermost Ludlow or Tilestone species, 
PI. XXXrV. f. 9, is found both at Tortworth and in Galway. 

A few Cephalopoda only have yet been described from these deposits, though 
they are not rare. Orthoceratites, of both smooth and annulated forms, are in- 
deed often met with. Orthoccras conicum, Sow., of the Sil. Syst. pi. 21. f. 21, 
is perhaps the most frequent in the upper beds. O. Barrandii, Salter, of Ayr- 
shire, is one of the shortest fonns known, and is figured in the Quart. Joum. 
Geol. Soc. vol. vii. pi. 9. f. 19. O. tenuistriatum of Miinster, a species with fine 
longitudinal strias, occurs at Haverfordwest and in Ayrshire ; and O. buUatum, 
Pi. XXIX. f. 1, and O. angulatum, PL XXVIII. f. 4, are quoted by M^Coyfrom 
Galway. Prof. M^Coy mentions five or six smooth species from the Galway beds, 
including O. teniiicinctum of Portlock. As these species range from Lower to 
Upper Silurian, it is most important to note this fact in treating of a band which 
unites those two great divisions. 

The most remarkable of all these Cephalopods is Tretoceras bisiphonatuin, 
figured in PL XI. f. 5, from the Upper Ijlandovery rocks of Gorllwjm, near Llan- 
dovery, South Wales. It looks like an Orthoceras with a double siphuncle ; but 
(as shown by Mr. Salter *) it has a deep lateral tube piercing the septa, as well 
as a siphuncle. This remarkable fossil should be sought for by collectors. Litu- 
ites comu-arietis, Sow., a Caradoc species, ocurs in the lower division of these rocks 
at Llandovery ; Cyrtoceras (Orthoceras, Sil. Syst.) approximatum, PL XI. f. 4, 
at Eastnor Park j and a fine large species, yet unnamed, of the latter genus has 
been obtained from the precipitous strata of Castell Craig Gw^ ddon, near Llan- 
dovery. Lastly, Phragmoceras (?) compressum, 1*1. XXXI. f. 4, a Wenlock fossil, 
has occurred, with many Lower Llandovery species, in the hard sandstones of 
Thrave, near Girvan, Ayrshire. 

Annelida are plentiful, both Tentaculites Anglicus, PL I. f. 3, and Comulites 
serpularius, PL XVI. f. 3-10, being the common fossils in Tortworth and other 
districts. They are less frequent in the lower division. Tentaculites omatus, 
PL XVI. f. 11, is rare, but is found in Ayrshire. 

Of Trilobites few species are characteristic. If we except Phacops Weaveri, 
Salter t, a large species of lUfenus like 11. Bowmanui, Salt., which is frequent in 
Sout^ Wales, and also occurs in Shropshire and Scotland, there are no forms 
known to be peculiar to this intermediate formation. Of these species it is re- 
markable that the Phacops Weaveri is found in beds of corresponding age at 
Point Gasp6, in the distant region of Canada. The species of Illaenus above 
quoted differs considerably from 11. Bowmanni of the inferior rocks, which, never- 
theless, is found here with it. The last-named fossil, with Lichas laxatus, 
M^Coy, and probably Asaphus latifrons, Portlock, or its closely allied form, are 
three Lower Silurian species of Trilobites which range into these Llandovery 
rocks. The other Trilobites are well-known Upper Silurian types, viz. Phacops 
Stokesii, Edw., and P. caudatus, Brongn. (the former common, the latter rare), 

* Quart. Joum. Geol. Soc. vol. xiv. p. 177. t Mem. Geol. Surv. Decode i. pi. 1. f. i«. 
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Addaspis Brightu, Murch., and Oheirunis bimucronatus, Murcb,, with the small 
Cyphaspis megalops, M^Coy, and Proetus latifrons, M‘Ooy, The most common 
of all is Encrinurus punctatus, Briinn., whilst Calymene Blumenbachii, Brongn., 
which ranges from the Snowdon or Caradoc rocks to the Upper Ludlow, is not 
unfrequent. Lastly, it is also to be observed that a fragment of Pterygotus was 
detected by the late H. E. Strickland in the Malvern district. 

No traces of Fish-remains have been discovered in British deposits of this age, 
nor in the overlying Wenlock rocks. 

The reader who has perused the preceding details respecting the distri- 
bution of organic remains, as well as those former chapters which treat of 
the ascending series of Silurian deposits constituting the system, will have 
perceived that the sharp distinction which was at first supposed to exist 
between the Lower and Upper Silurian rocks no longer holds good. When 
my classification was proposed in the year 1835, scarcely one of those 
species which were considered typical of the inferior division had been ob- 
served to pass upwards into the superior group ; and yet the community of 
genera convinced me that the whole shouhl be united in one natural 
system. Seeing that the type shcU of the Llandovery and May Hill Sand- 
stones, Pentamerus oblongus. Sow., was never detected in the overlying 
Wenlock Shale, and was associated with certain species which belonged 
to the lower part of the series, — and influenced also, to some extent, by 
mineral characters, I classed the former as the summit of my Lower Si- 
lurian rocks. 

With the enlargement, however, of the field of examination, not only by 
the Survey of all Wales, but by researches in Ireland and Scotland, and by 
the more exact comparison of the fossils, it has become evident that, whilst 
a great number of species pervade nearly the whole system, the zone so 
laden with Pentameri, to which the term Dandovery Rocks has been ap- 
plied, is truly of intermediate character. In short, its inferior member 
contains many Lower SUurian types, and its superior strata are unques- 
tionably more connected with the Upper Silurian group (of which, through- 
out many tracts, they form the natural physical base), and are locally 
transgressive to the inferior rocks. Hence, in the legend attached to the 
Map, the Lower Llandovery is grouped with the inferior division, the 
Upper Llandovery, though still characterized by the same Pentameri as the 
lower mass, being linked on to the superior strata. 

It is, indeed, important to give a prominence to this connecting zone by 
treating separately of its characteristic fossils ; for, as will hereafter ap- 
pear, there are foreign countries (Scandinavia and Russia) in which there 
is no discordance of strata, and where the stratigraphical and lithological 
passage from Lower to Upper Silurian is in perfect harmony with the 
zoological transition above described. 
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CHAPTER X. 

FOSSILS OF THE UPPER SILURIAN ROCKS. 

The reader has already been told that many species of fossils, once «up- 
posed to be peculiar respectively to the jLower or Upper Silurian rocks, are 
now ascertained to bo common to both, and necessarily to the intermediate 
and connecting group. 

This datum is the result of the researches of various geologists and 
palaeontologists, whether in the region first explored or in tracts of far 
greater extent which have recently been paralleled with it. Similar results 
have, in truth, invariably followed from a full and broad development of 
the natural geological groups of the Secondary and Tertiary strata, which 
were described and classified before the older rocks of which we now treat 
had been brought into order, or even into notice. Thus, for example, 
when the different members of the Oolitic formations reposing on the Lias 
were studied in one tract only, as on the eastern coast of Yorkshire, they 
were seen to be there composed of a series of zones, each of which is 
sharply separated from the contiguous deposits by fossils confined to it. 
On tracing, however, the same strata to remote distances, certain remains, 
which were once viewed as typical of one member only, were found to be 
common to seveial subformations, thus combining the whole in one natural 
system — the Oolitic or Jurassic. 

This is just what has happened in the Lower PalsBOZoic rocks, now th^t 
the inferior and superior masses, and the chief formations and subdivisions 
of Siluria have been ascertained by my cotemporaries to occupy nearly all 
North and South Wales, large tracts of Cumberland, Westmoreland, and 
Lancashire, great regions in Scotland and Ireland, and various parts of 
Europe, America, and Australia. 

In short, the two chief divisions, which, from a general similarity, were 
originally grouped together, have been demonstrated to constitute a natural 
system, through a community of organic remains. For, even if the con- 
tents of the intermediate middle zone of Llandovery rocks be abstracted 
from the estimate, still there are many species (from fifty to sixty) which 
range from the Llandeilo and Caradoc into the Wenlock and Ludlow rocks. 

The vertical range of all these fossils through the chief Silurian deposits 
is given at the end of the volume, in a Table prepared by Mr. Salter, with 
the aid of Professor Morris, and subsequently revised and much augmented 
by Mr. Etheridge. 

To some of the most striking of these remains which pervade the whole 
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B3rsteici, allusion has already been made (Chap. IX.), and notice will now 
be taken of other forms, of like duration in time, which are more abundant 
in the upper division. The attention, however, of the reader will be directed 
chiefly to the types which are peculiarly, and, as far as our present know- 
ledge goes, exclusively. Upper Silurian. (See Plates XIII.-XXXY.) 

The Craptolites, which, as before stated, are so very abundant in the shaly 
and schistose portions of the Lower Silurian of Wales and Scotland, become 
much more scarce as to species in the Upper Silurian ; and though there are 
many tracts where the Wenlock Shale and Lower Ludlow rocks are crowded 
with them, it is only one species * (Graptolithus priodon) that is abundant in 
these upper divisions of the system. When argillaceous sediments abound in 
these rocks, the Graptolite is rarely absent; but with the cessation of such 
peculiar conditions this zoophyte, which must have grown on the fine mud at 
the bottom of the sea, disappears. 

One of these Graptolites, which occurs in the old rocks of Snowdon, ranges 
through the series even to the Upper Ludlow rocks, and hence was named 
G. Ludensis before it was identified wuth G. priodon. In the Wenlock Shale, 
especially towards the base of that deposit, this fossil is sometimes accompanied 
by a very beautiful and peculiar species — the lietiolites Geinitzianus of Bnrrande. 
The latter occupies the same position (at the base of the Lipper Silurian series) 
in Bohemia, whence it was first described. It is a Double Graptolite, like the 
genus Diplograpsus (see PI. I. f. 2), from which, however, it differs essentially 
in having no central axis, and in having the surface composed of a reticular 
tissue instead of a continuous homy coat. An excellent figure of it is given in 
M. Barrande’s memoir ^On the Graptolites of Bohemia.’ Above the Ludlow 
rocks, and throughout the whole series of overlying Palaeozoic strata, no true 
Graptolite, as before observed, has ever been found ; and I repeat, therefore, that 
this zoophyte is a marked Silurian type. 


Fossils (50). Upper Silurian Polyzoa. 



1. Polypora? crassa (Homera, Sil. Syst.). 2. Fenestella assimilis (Gorgonia, Sil. 
Syst.) ; a common Wenlock species. 3. F. Lonsdalei, D’Orb. (F. prisca, Sil. Syst.). 
4. F. Milleri, Lonsd. 6. Glauconome disticha, Goldf. 6. Ptilodictya lanceolata, Goldf., 
a reduced figure of a full-grown specimen; a part is figured above it, natural size. 
7. Pt. lanceolata, in the young state; the cells are longer in proportion. 

It should further be observed that in Britain neither the Double or foliaceous 
Graptolite (Diplograpsus) nor the Twin Graptolite (Didymograpsus) is ever met 
with above the horizon of the Caradoc formation. They are therefore excellent 

* Another species hM been detected (bnt only Salter, from Kirkcndbrijfht Bay, where 

in one loo^ity, where it is plentifid) in strata be- it wasffirst collected by the Bari of Selkirk. See 
lieTed to be of Wenlock age. It is Graptolithus Quart Joum. Geol. Soo. vol. viii. pi. 21. f. 5,6, 
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indices of the Lower Silurian division. In Bohemia^ however, as we leano^froxn 
the work just cited, the foliaceous types are mixed together witii the siflgle-sided 
forms (Ghraptolithi) in the lower part of the upper division. 

The Polyzoa are numerous, but not so numerous in species in the upper as in 
the lower division. Ptilodictya has been already quoted from the Llandovery 
rocks (p. 208). A large species, Pt. lanceolata, Foss. 50. f. 6, is abundant in 
Wenlock strata (f. 7 is its young state); and Pt. scalpellum, Foss. 61, accompanies 

Fossils (51). An Upper Silurian Polyzoon. 

Ptilodictya scalpellum, Lonsdale (Eschara, Sil. 

Syst.), natural size. Also a portion magnified. 

Tt is a common species in the Wenlock limestone, 
and grows larger than represented in the figure. 

it : the former occurs also in the Ludlow rocks. Glauconome disticha, Foss. 60. 
f. 6 ; Fenestella Milleri, f. 4 ; and F. subantiqua, Foss. 30. f. 1, are common fossils 
at Dudley. Another common species, F. assimilis, Foss. 60. f. 2, is also figured, 
as well as the beautiful little cup-shaped Fenestella of the Wenlock limestone, 
F. Lonsdalei, D’Orb., f. 3. Polypora crassa, f. 1, is not so often met with. 

The true Corals (Zoantharia of naturalists) are far more characteristic of the 
upper than of the lower members of the Silurian rocks, and they are more 
abundant in them, both as to species and individuals, — the nodular limestone 
bands of the Wenlock and Aymostry rocks being frequently made up of Corals, 
or of concretions having coralline bodies as their nucleus or on their surfaces. 

When Mr. Lonsdale undertook, at my request, his admirable description of 
the Corals of the Silurian region, and carefully superintended the drawing of 
their forms, sixty-two species only were recognizable in our collections ; and 
these included some of the Polyzoa above mentioned, now known as Mollus- 
coidea, and to be cl<<scly allied to the Mollusca. But the number of Corals has 
been greatly increased of late years, chiefly, as regards Britain, by the researches 
of Professors Milne-Edwards and M‘Coy. Several new genera have been formed, 
which, as they are founded on peculiarities of structure, growth, and reproduc- 
tion, are likely to prove of permanent value to the zoologist and geologist. 

One of the most important of these discoveries, resulting from the labours of 
Professor Milne-Edwards, and his coadjutor M. Jules flaime*, appears to be, 
that the majority, if not all, of the Corals of the Silurian system, and indeed of 
the whole Palaeozoic era, belong to dmsions of the Coral tribe unknown in 
modern seas : with rare exceptions, these groups became extinct at the close of 
the Palaeozoic epoch. If this be established, and the large Cup- and Star-corals 
(Zoantharia rugosa) and the massive MiHepores (Z. tabulata) be, as a whole, 
distinct in structure from the Star-corals and Madrepores of the Secondary and 
Tertiary rocks and of the existing Coral-reefs, we gain a ne’w fact in the history 
of animal life upon the globe, which is in harmony with n^sults obtained by the 
study of the Crustacea, Mollusca, and Fish of the older epochs. 

A number of Corals which pass from the Lower to the Upper Silurian rocks 
have already been enumerated (Chap. VI.) ; and as these are generally the most 
abimdant species in the younger division, a brief list of them is here given. 

The Chain-coral, Halysites catenularius, Foss. 20. f. 6, p. 120, is one of the 
most frequent; Favosites Gotlandicus, Foss. 18. f. 2, 3; F. alveolaris (F. asper 
of d’Orbigny), f. 4 ; F. (Stenopora) fibrosus, f. 7, 8 ; Heliolites interstinctus (Po- 
* Archivei du Mus. d’Hist. Nat. vol. ▼. 
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rites pyriformis^ Sil. Syst.), Foss. 19. f. 4, 6, and the var. H. megastoma, M^Ooy (P), 
£ 3, H. tubulatus, f. 1, and Flasmopora petaliformis, £ 2. Besides these, there 
is the doubtful fossil, Stromatopora stiiatella, Foss. 62, usually arranged with 
the Corals, and much resembling them. Its true position is uncertain ; it may 
even belong to the tribe of Sponges. 


Fossils (52). Uppbb Silurian Stromatopora. 



A section of Stromatopora 
striatella, d’Orb. (St. concen- 
trioa, Sil. Syst.). A very com- 
mon fossil in the Wenlock 
Limestone. 


In addition to those just quoted, several of the conspicuous Corals of the Upper 
Silurian strata have already been enumerated, pp. 119, 120. Of the latter it 
may be truly said that they swarm in the Wenlock Limestone, are foimd in 
diminished numbers in the Aymestry rock, and are much less plentiful in the 
muddy sediments of the Wenlock Shale and Lower Ludlow rock. 

Of the prominent species, Favosites alveolaris and F. Gotlandicus are, perhaps, 
the most generally diffused, and occur in masses varying from the size of a hazel- 
nut to two or three feet in diameter. The former may easily be distinguished 
(p. 119, Foss. 18. f. 4) on breaking the mass, by the angles of the tubes being 
toothed, while those of the other, F. Gotlandicus (f. 2, 3) are smooth-edged re- 
gular prisms, on which the double row of pores is very conspicuous. F. cristatus, 
£ 1, is almost as frequently met with, and forms whole strata on the coast of the 
Dingle promontory in Ireland. All the three species range, indeed, up to, but 
not into, the Devonian period *, and are widely distributed over the Northern 
hemisphere. The various forms of Favosites fibrosus, Goldf., are not less com- 
mon ; but this latter fossil does not appear to be so abundant in the Upper as in 
the Lower Silurian, or to assume so many variations in form. It is globular, 
lobed, or branched ; and on the slabs of limestone at Dudley there very com- 
monly occurs a narrow branched variety, with numerous small pores intermixed 
with larger ones. This form is very curious, and is figured in my larger work 
(Sil. Syst. pi. 16 bis, f. 9)t as a variety of Favosites spongites, Goldf. Professor 
Milne-Edwards believes it to be of a different genus, and has named it Chaetetes 
Fletcheri, in honour of a gentleman who has long been a judicious collector of 
the Dudley fossils. 

The species called Favosites oculatus, Foss. 18. f. 6, is very abundant in the 
Wenlock limestone ; but it is very doubtful if it be a Coral : it is named Alveo- 
lites repens in the work of Milne-Edwards and Haime ; but it is probably a 
Polyzoon, and belongs to Ceriopora. 

Next in importance to the Favosites are the large species of the genus Helio- 
lites. Of these, the most common, H. interstinctus, Foss. 19. f. 3, 4, 6, occurs 
either in globular and pear-shaped masses, or of a flat discoid form, or as a thin 
incrusting expansion over other Corals and Shells. 

Alveolites Labechii, M.-Edw., a Coral two or three inches broad, which looks 

^ It is right to state that M. Milne-Edwards the Wenlock and Ludlow rooks, I must refer the 
distinguishes all the Devonian flrom the Silurian reader to the * Silurian System,* and the faithftil 
Corals. and able descriptions by Mr. Lonsdale. The plates 

t For a further acquaintance with the Corals of of Corals in that work are reproduced here. 
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like a small-celled Favosites^ and was named F. spongites in tke Sil. Syst.^ is 
very characteristic. It is known by the oblique or compressed mouths of the 
cells, Foss. 18. f. 6, p. 119. 

Coenites juniperinus, Foss. 20. f. 3. p 120, may easily be recognized by the 
curious linear mouths of the cells : this species abounds in the Woolhope Lime- 
stone of Presteign, and, with C. intertextus, Eichw. (Limaria firuticosa, Sil. 
Syst.), may be found on almost every fragment of Wenlock Limestone. Occa- 
sionally a fine large species, C. labrosus, Milne-Edwards, occurs at Dudley. 

There are several kinds of Tube-corals (such as the Chain-coral or Halysites) 
and certain species of Syringopora which ore abundant. The latter genus is no 
less curious in its growth than in its structure. When quite young, its divari- 
cating trumpet-shaped tubes creep over the surface of larger Corals and Shells ; 
and in that state it was figured in the ^ Silurian System ’ as Aulopora serpens * 
(see Foss. 20. f. 2). It next begins to grow upwards ; and each open mouth of 
the tubes lengthens, and becomes a flexuous stem, occasionally throwing out a 
lateral buttress in concert with its neighbour. These buttresses or buds are 
hollow, and where they touch each other they coalesce, forming a connecting 
tube ; and the mass, increasing in size upwards, becomes a Syringopora, the 
tubes often branching, and uniting with those nearest them, until the Coral at- 
tains its full size. Syringopora fascicularis, Linn. (S. filiformis ? , Sil. Syst.), and 
S. bifurcata, Lonsd., of which Foss. 20. f. 4, is the lower branched portion, and 


Fossils (53). Corals op the Upper Silurian Rocks. 




f 6 the ascending stems, are common kinds. ‘Aulopora serpens,’ * A. tubasfor- 
tiiis ’ and ‘A. conglomerata’ of the ‘Sil. Syst.’ are the young or basal portion of 
one'or other of these species. There are one or two rarer forms— Theda (Aga- 
rioia) Swindemana, Foss. 63. f. 1, and Labechia conferta, Lonsd, (Monticularia, 
Sil. Syst.) not so obviously belonging to the group we have just noticed, vi*. 

• rMitoe-Bdirords »nd Haim, hare «hown the.* to k. the <rf Tret B. Foibe. 

had been of the eame opinion for some years, but had not published it.—J. W. B.] 
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ttie Zoantharia tabulata of M.-Edwards and Haime^ to which the Thecidae^ the 
Fayositidae; and the Milleporidae belong. 

The Palaeocyclus of Milne-Edwards was considered by that naturalist to be- 
long to the family Fungidae, which includes the modem Mushroom-corals, and 
was supposed to be the only Silurian (or, indeed, Palasozoic) form of the group 
Aporosa* — ^that group which is the most prevalent in modem seas. Palaeocyclus 
porpita, Linn. (Cyclolites lenticulata, Sil. Syst.), is the one figured, Foss. 63. 
f. 8, 4; and there are other species, P. praeacutus, Lonsdale, and P. rugosus, 
M.-Edw., in the Wenlock rocks at Dudley. 

All the Cup-shaped Corals of the Palaeozoic series, of which about fifty species 
occur in Silurian rocks, belong to the section Zoantharia rugosaf, distinguished in 
general, like the other great group (Z. tabulata), by the development of the trans- 
verse plates or tabulae in the body of the Coral (see the following woodcut), and 
including both simple cup-like forms, such as Omphyma subturbinata, Foss. 64. 
f. 4, Cystiphyllum Siluriense, f. 7, Petraia bina, Foss. 63. f. 7, 8 — and branched or 


Fossils (54). Cup-corals op tub Wenlock Limestone. 



1. C^athophyllum articulatum, Wahl, (csespitosum, Sil. Syst.). 2. C. truncatum, 
Linn. (Cyathoph. dianthus, Sil. Syst.) ; and a single cup, with its marginal disk-buds 
attach^. 3. Strephodes vermicidoides, M‘Coy. 4. Omphyma subturbinata, D’Orb. ; 
and a view of the cup with its four basal pits. 6. A longitudinal section. 6. Acervu- 
laria ananas, Linn. ; and a cup, natural size, with four young buds. 7. Cystiphyllum 
Siluriense, Lonsdale. 8. C. cylindricum, Lonsdale. 

composite forms, Cyathophyllum articulatum, Foss. 64. f. 1, and C. truncatum, 
f. 2. "When such compound Corals have grown closely together, so that the 
separate corallites or cups press one another into angular forms, masses are pro- 
duced, such as Acervularia ananas, f. 6, and Arachnophyllum typus, Foss. 63. f. 6. 
The latter is now called Strombodes by Milne-Edwards and Haime. 

Among these common species, two are remarkable for the mode of propagation 
of their buds or young corallites. 

In Cyathophyllum truncatum, Linn4 (C. dianthus, Sil. Syst.) just quoted, the 
young buds take their origin from the inner edge of the parent polype-cup 
(Foss. 64. f. 2), and the young Corals thus produced quite overtop, and at length 
cover over the parent, until in their turn they, too, produce their young clusters 

* Beoent invegtiMtioiui by Dr. Maffcixi Duncan Aporose Corals to the Mesojsoio and Csenosoio 
and Dr. LmdstrSm have, however, determined this periods. 

Coral to belong to the Bugosa, thus restricting the t See Note, p. 221. 
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through this mar^nal ^ calicular ’ development ; and this process is frequently 
repeated in the upward growth of the Coral. (See the larger figure.) 

Another species^ so like the former that in some conditions it might easily be mis- 
taken for it, is Acervularia ananas (A. luxurians, Eichwald), described by Linnd • 
and Fougt from rocks in Gothland which are now known to be Upper Silurian. 
A single cup is represented (Foss 64. f. 6), which has given birth, by fissiparous 
division, to four yoimg coraUites, which take their rise, not from the margin, but 
from the centre of the old Coral, the life of the parent being thus continued in 
the offepring. (See Lonsdale in ^ Sil. Syst.’ pi. 16. f. 6.). As a number of these 
buds grow up together, they stunt each other’s growth in a lateral direction j and 
as the process of multiplication is often repeated, the coraUites by mutual pressure 
are forced into an angular form like the cells of a honeycomb ; their edges grow 
together, and the result is a compound mass of stars t. (See the right-hand 
figure.) 

There are several other Cup-shaped Corals which are frequent in the upper 
division, and especially in the Wenlock Limestone ; but they are not so charac- 
teristic as those just mentioned: — Omphyma tm’binata, Linn., O. Murchisoni, 
Milne-Edw., Cystiphyllum cylindricum, Lonsdale, C. Grayi, Milne-Edw., and 
C. brevilaraeUatum, M‘Coy ; Oyathophyllum angustum, Sil. Syst. pi. 16. f. 9, C. 
trochiforme, MUoy, Strephodes vermiculoides, Foss. 64. f. 3 (Strombodes dif- 
fluens, Milne-Edw.), Ptychopliyllum pateUatum, Foss. 63. f. 6 (a remarkable 
species, in which the elevation of the centre of the cup is so great as to give the 
Coral a reversed appearance, the base being nearly flat), Clisiophyllum vortex, 
M^Coy, and GoniophyUum Fletcheri, M.-Edw., a four-sided Coral, very like one 
found in the Isle of Gothland, Sweden. Some Cup-corals also are common to 
Gothland and Britain, such as Aulacophyllum mitratum, Hisinger, and Cyatho- 
phyllum Loveni, M.-Edw., besides the two species of the latter genus before 
mentioned | ; and there are some which extend their range to America. 

The Ludlow rocks, being for the most part mudstones, do not often contain 
many Corals ; bu« in their calcareous portions one or other of the species above 
described occur §. Prof. M‘Coy has added Cyathaxonia Siluriensis to the scanty 
Ludlow list ; it is from Kendal. Favosites fibrosus, Goldf., indeed, is very com- 
mon in the form of an incrusting envelope upon the spiral sheUs Cyclonema and 
Murchisonia (see p. 132 and p. 119, Foss. 18. f. 8). Together with Favosites 
asper, d’Orb., and some few others, it seems to have been indiflerent to the 
nature of the sediment it lived upon j they are found throughout the system. 
The little Palaeocyclus appears to have lived indiflerently on a calcareous, muddy, 
or gravelly bed. Petraia bina seems to have preferred a muddy habitat j but most 
species of this genus are chiefly found in sandstones jj. 

2fote . — On the ‘Zoantharia rugosa,’ and their operculated forms in particular, G. 
Lindstrom, Ph.M. of Wisby, Gothland, thus writes (tEfyersigt af Vetenskaps Akad. For- 
handlingar, 1866 ; and Geol. Mag. 1866) : — “ Professor Steenstrup some years ago ques- 
tioned the fact as to whether the Zoantliaria tabulata and Z. rugosa, included by him 

* AmoBiiitates Academioee, vol. i. i>. 19fi &c. figured by Hisinger. 

t The growth and reproduction of Corals has ^ This relation of Corals to Limestone is one of 
of late years been much studied, and well illus- the facts most prominently shown in the yery va- 
trated by Dana^ Milne-Edwards, Fromentel, Mi- luable Tables of the relationship of the orsn^ore- 
chelotti, Duncan, and other naturalists. mains and sedimentary materials of the bilnrian 

I Bo many of the Wenlock Corals are found in rocks both of North America and Wales, in Dr. 
the limestone of Gothland in the Baltic, that the Bigsby's elaborate memoir on the distribution of 
stratum might have been identified by them alone the rocks and fossils of the Palasosoio area of New 
-i-Heliolites interstinctus, Favosites alveolaris, F. York State, compared with that of Wales and 
Gotlandious, F. oristatua, Ccenites juniperinus, other regions. Quart Joum. Geol. Soc. voL xv. 
Halyaites oatenularius, Syringopora fasoiouloris, p. 29fi. 

Omphyma turbinata, Ptyohophyllum pateUatum, | See also Dr. Bigsby's Tables of fossils and 
Acervularia ananas, &c. These species are well sediments referred to altove. 
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under tiie common name of * CTathophjUa,' should be regarded as true Polyps. 
MM. Edwards and Haime, in framing those great subdivisions of their ‘ Coralliana/ 
remarked their striking dissimilarity to the other Aotinozoa. Professor Agassiz, m his 
^rand Monograph on the Acalephse of North America, considers these differences so 
important that henceforth all connexion between the above-named groups and the Zoan- 
tharia aporosa and Z. perforata will be impossible. But besides these peculiar charac- 
teristics of the Z. rugosa .... several are provided with an operculum of very strai^e 

shape Sever^ of these operculated fossils have been placed with the Brachio- 

pooa and other classes.” M. Lindstrdm carefully describes and figures Goniophyllum 
pvramidale (Turbinolia, Hisinger), Ehizophyllum Gotlandicum (Calceola, F. Koemer), 
C&lceola sandalina, Hallia oaloeoloides, &c., and he brings together information relating 
to the operculum and other features of Cyathophyllum, Hypodema, Cystiphyllum (?), 
Cyathaxonia ^?), &c., and offers the following conclusions : — 1. That the Kugosa must 
be separated fi 'om the Actinozoa, or the true Corals ; 2. That they form a class of their 
own in the great division of Badiata ; 3. That Goniophyllum pyramidale is an un- 
doubted Bugosum, in its shell and in its operculum, and that it coincides with the 
three species of the old genus Calceola, and that these are no longer to be numbered 
amon^t the Brachiopoda, hut are Bugosa. M. Lindstrom is inclined to agree with 
Agassiz that the Bugosa had close relation with the existing Lucernarise. 

Of Cystidea the forms are rare, but remarkable and characteristic, the species 
in the Upper Silurian being all furnished with what Edward Forbes called ^ pec- 
tinated rhombs.’ The fine species shown in Foss. 55. f. 1, has three of these 
curious markings, the usual number possessed by British Upper Silurian forms ; 
while they are often much more numerous in those few Lower Silurian genera 
which possess them at all. The nature of these rhombs is not yet fully under- 
stood. The following species of Cystidea have been collected at Dudley by 
Mr. Gray and Mr. Fletcher* of that neighbourhood : — Pseudocrinites magnificus, 
f. 1 j P. quadrifasciatus, f . 2 ; P. bifasciatus, and P. oblongus, Forbes t J Apio- 
cystites pentremitoides, f. 4 ; Prunocystites Fletcheri, f. 3 ; Echino-encrinites 
baccatus, f. 5, and E. armatus, f. 6. Under the upper right-hand figure, one of 
the curious 6- or 6-yalved ovarian openings is shown, and the two halves of a pec- 
tinated rhomb, occurring, as usual, opposite each other on neighbouring plates. 

Fossils (55). Cystidea op the Wenlock Limestone. 


1. Pseudocrinites magnificus, Forbes. 

2. P. quadrifasciatus, Pearce. 3. Prii- 
nocystites Fletcheri, Forbes. 4. Apio- 
^stites pentremitoides, Forbes. 5. 
Echino-encrinites haccatus, Forbes. 6. 

E. armatus, Forbes; with its ovarian 
pyramid and a rhomb. 

The genus Echino-encrinites, but with different species, is found in the Lower 
Silurian rocks of Bussia. In North America, the representative of the Wenlock 
Limestone (the ‘ Niagara group ’ of New York) contains some characteristic 
Cystidea of similar forms. 

Passing on to the great group of Crinoid animals, which are numerous but 
rarely perfect in our Lower Silurian division, we find the Upper very rich in 
forms of this class. Many of these are yet undescribed, and we can only, at 
present, refer to those figured in our Plates Xm.-XV., and to a few other species 
that have been published in the works of Austin, d’Orbigny J, &c. 

* J£r. Ghray’B Collection is now in the British T Austin, Monograph of the Crinoidea, 1844 ; 
Mosenm, and Mr. Fletcher's in the Woodwardian d'Orburny, Prodr. de Pal^ontol. Universelle, 1849, 
Musemn. - - 

t Memoirs Geol. Surv. vol. ii. pt. 2. pp. 496 ef $ 0 q. 
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By far the commonest fossil of this class is the Periechocrinus moniliformis 
(Actinocrinus, Sil. Syst.), PL XIII. f. 1, 2, the long, bead-like stems of which 
coyer the slabs of Dudley limestone, and sometimes attain dye feet in length. 
This and the following species haye the arm3 composed of a double row of plates 
set side by side : — Dimerocrinus decadactylus, PI. XIII. f. 6 ; D. icosidactylus, 
f. 4, a common fossil ; three species of the singular genus Eucalyptocrinites, 
Goldfuss (Hypanthocrinus, Sil. Syst.), found in the Dudley limestone, yiz, 
E. decorus (PI. XTV. f. 2), E. polydactylus, M^Coy (a yery large species), and 
the rare E. granulatus, Lewis (as yet detected only at Walsall in Staffordshire) ; 
and, lastly, Marsupiocrinites cselatus, PI. XIV. f. 1. A reduced copy of a perfect 
specimen of this fossil is giyen, Foss. 66. f. 1 ; and at f. 8 the same species is 
drawn without the arms, but showing the long proboscis inserted into the shell 
of a Gasteropod MoUusk, Acroculia haliotis. This shell is better figured in 
PL XXIV. f. 9. 

From the very frequent occurrence of the same shell, tightly embraced by the 
arms of this Crinoid, and from the fact that the mouth of the shell is always 
turned downwards over the proboscis, it is inferred that it was the habitual food 
of the Encrinite. This has long been observed by Mr. John Gray of Dudley, 
who has dissected many specimens from the stone ; and they are to be seen in his 
collection, now in the British Museum. It has also received confirmation from 
the American naturalists YandeU and Shumard, who observed the same habit 
in several of the Silurian Crinoids of America. 

Of those species which have only a single row of joints in each arm, Taxo- 
crinus (Cyathocrinus) tuberculatus is the most common. It occurs of all sizes, 
from the minute specimen represented in PI. XIV. f. 6, to much larger forms than 
f. 6. Taxocrinus tesseracontadactylus, f. 4, and T. Orbignyi, M^Coy, are rarer 
forms, the former being found also in Gothland. Cyathocrinus goniodaclylus, 
f. 3, C. arthriticus, f. 7, and C. capillaris, PL XV. f. 3, are common Dudley fossils. 
Ichthyocrinus pyriformis, Mill., often grows larger than it is represented in 
PL XIV. f. 8 j ana this species extends its range to North America. Platy- 
crinus* retiarius, PL XTS^. f. 9, when perfect, has a long stem with many 
auxiliary arms. Fine specimens are in the Museum of Practical Geology. 

Enallocrinus punctatus, Hisinger, which occurs both in England and Sweden 
is frequently found in the Wenlock Limestone of Wenlock Edge. 

Glyptocrinus P expansus, PL XV. f. 1, is perhaps one of the most stately species, 
conspicuous for the size to which it grows, and for the numerous plates of which 
its body or cup is composed. 

Lastly may be noted a very common Wenlock fossil, Crotalocrinus rugosus, 
Foss. 66. f. 4r-7, whose structure is, perhaps, more remarkable than that of any 
other Silurian Crinoid. 

In most Encrinites the arms issue immediately from the edge of the pelvic X 
cup, commencing with a single joint, and soon branching into two, three, or four, 
the subdivision varying in different species. But in this remarkable Encrinite, 
the upper edge of the pelvis is seen to be surmounted by at least twenty or 
twenty-five arm-joints, instead of the usual five ; and when the specimens have 
lost ai but the pelvis and these lower joints, the latter are seen (Foss. 66. f. 6) 
each to have a perforation in their middle as in the arm-joints of aU other 
Crinoids. These multitudinous arms soon divide, and subdivide again and 

* Professor de Koninok, on a survey of the X ^ better nomenolature than that of Mi]ler*s 
British Silurian Crinoidea at Dudley, decided (basal plates, radial and interradial plates, ko.) 
that there are several Carboniferous genera is now adopted. See Professor M‘Coy in Pal. 
among them. Foss. Woodw. Mus. ; De Koninok et Le Hon. in 

t Se Hisinger, Lethaea Sueoica, pi. 25. f. 2. ‘ Les Crinotdes Terr. Carb. Belgique,' 1854. 
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a^^ain^ tlie seyeral branches lying close side by side^ and leaving scarcely any 
free space between them. Each joint g^ves off from either side a small lateral 
process; f. 7, which unites with that of its next neighbour j and this is continued 
through the whole extent, so that the several joints of the contiguous rays are 


Fossils (56), Ckinoidea op the Wbnlock Limestone. 



1. Marsupiocrinites cselatus, Phil. 2, Magnified base of the arms. 3. Proboscis of 
the same inserted in the shell of Acroculia haliotis. 4. Reduced figure of Crotelocrinus 
rugosus, MiUer; the bag-like cluster of arms surmounting the small, round ‘pelvis. 
6. The latter, of the natural size, with the stomach-plates stripped off, and showmg the 
base of the many-fingered arms. 6. The flat stomachal surface, showing aim the 
branching of the arms from their bases. 7. A part of the reticulate congeries of fingers, 
each joint being anchylosed to its neighbour on either side. — [J. W. S., 1859.] 

all securely fixed to each other. Instead, therefore, of a star of free and waving 
arms, a deep and wide funnel is formed, like a wicker basket ; or rather (as the 
joints are all of equal length, and the lateral processes range in continuous 
transverse lines) the texture is like that of a piece of the coarsest-woven serge 
or canvas, f. 4«. This curious funnel of anchylosed arm-joints, therefore, was 
either flexible or grew in a lobed and puckered form But although, as before 
said, the numerous arms seem to start at once from the pelvis, their real origin 
is on the ventral surface further inward : see f. 6, where they commence with 
single joints, as in other crinoids, and are clothed with short tentacles to their 
very base. This surface is but rarely visible, the usual appearance of the cup 
being that which is seen in f. 6, and in PI. Xni. f. 3, which figures are of the 
natural size. The cup consists of fifteen plates. The stem, f. 4 5, was long ago 
figured by Parkinson in his * Organic Pemains’ j’. It is made up of close joints, 
each with a row of tubercles, which are perforated, the hole communicating with 
the central canal of the stem. Near the root, these tubercles lengthen out into 

* Since the first edition of this book was pub- overlapping each other, and highly 
lished, we have seen Muller's beautiful figures of but not forming a continuOTS fmmeL (Ueber den 
a \eiy similar genus (Anthocrinus Loveni) from Bau der Eohinodennen, pi. 8 : Berlm, 1864.; 
the Isle of Go^nd. In all probability there t ‘Turban or Shropshire Encnmte, voL ii. pi. 
were in our species, as in his, five reticulate arms, 16. f. 6. p. 193. 
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cylindrical tubular processes^ which attached the Crinoid to Shells and Corals. 
The cabinets of my friends Mr. Fletcher and Mr. Gray furnished the materials 
to Mr. Salter for the illustration and description of this remarkable fossil. 

A^teriadss, or Starfishes, are by no means rare in the Upper Silurian, four 
species, which are here figured, having been long ago found in the Ludlow rocks 
of Kendal. The most common is Palasterina primasva, Foss. 67. f. 1. Palseaster 
Ruthveni, f. 3, and Palaeaster hirudo, f. 2, are less abundant. The rare fossil 
Protaster Sedgwicki, f. 4, was thought by Professor E. Forbes to be closely re- 
lated to certain species of the group of Euryales, now inhabiting the northern 
seas; but better specimens of the genus, since obtained (p. 127), show it to have 
been an abnormal form of the Ophimndee, from which it differs in having a 
double instead of only a single row of plates above and below. This genus 
Protaster, which first appears in the Lower Silurian strata, has been found 
abundantly in the grey, fine-gi'ained flagstone of the Lower Ludlow rock. In 
Shropshire, P. Miltoni, Salter, nearly a foot wide from tip to tip of the rays, and 
a small, graceful species, P. leptosoma. Salt., have been discovered*, together 
with four or five species of Palaeocoma, a Starfish which greatly resembles the 
common red Bird’s-foot Sea-star (Palmipes roseus) of our coasts. One species, 
PalaBocoma pyrotechnica, Salt,, has stiJf club-shaped spines like those of the 
living Cushion-stars. Lastly, there is a Starfish in the Dudley limestone, named 
Lepidaster Grayii t by Professor Forbes, more crinoidal in its aspect than any 
existing species. 

Fossils (57). Upper Silurian Starfishes. 


1. Palasterina primseva, Forbes. 
2. Palaeaster hirudo, Forbes. 3. P. 
Ruthveni, Forbes. 4. Protaster 
Sedgwicki, Forbes. (All from the 
Upper Ludlow rocks in the neigh- 
bourhood of Kendal, and first found 
by Professor Sedgwick.) 



I have thus dwelt particularly on a few of the radiate animals, because they 
present us with some new or little-known characteristics of the Silurian rocks. 
The remaining groups, Mollusca, Annelida, and Crustacea, do not call for quite 

so much detail. . j 

The nomenclature of one group of the MoUusca is being thoroughly revised by 
Mr. T. Davidson, in his importantMonograph on the British Silurian Brachiopoda J. 

Brachiopod Shells, though not in such great preponderance, nor so numerous 
in species, as in the Lower Silurian rocks, are yet very abundant. Pentameri 
are still present ; but they are mostly distinct from the Llandovery species. 
Whilst Orthides are in much less quantity than in the inferior zones, Rhjmcho- 
nellm and Spiriferi occur very frequently ; and of Lingulse there are decidedly 
fewer species than in the Lower Silurian. . r , i_ 

Several characteristic Brachiopods have been quoted as ranging from the 
Lower to the Upper Silurian, such as Orthis elegantula, O. biforata, and O. hi- 
loba— the first of these being equally abundant in both divisions. ^ Though also 
occurring in both, Strophomena depressa, Dalm., and S. pecten, Linn., Leptcsna 


t Mim!’'Geo1^8u^. Sooiety'B Monographs, 1866. 
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transyersalis, Dalm., Atrypa marginalise Dalm., and A. reticularis^ Linn.^ are far 
more abundant in tbe Wenlock than in any of the lower strata, except the 
Llandovery rocks. The last-named species ranges no lower than the Llan- 
dovery strata; and the same may be said of Spirifer exporrectus, Wahl.*, Sp. 
plicatellus, Sow., PI. XXI. f. 2, Retzia cuneata, Dalm., and Rhynchonella bore- 
alis, Schl. ; and they are rare below the Wenlock shale. These species have a 
wide geographical range. In Chapters VI. and VII. thirty species are enume- 
rated from the various strata of the Upper Silurian rocks, among which Lep- 
tsena transversalis, Strophomena euglypha, Spirifer elevatus, Sp. plicatellus, and 
Pentamerus galeatus are most characteristic of the Wenlock strata; Rhyncho- 
nella Wilsoni, Rh. nucula, Rh. navicula, Orthis lunata, and Chonetes lata chiefly 
distinguish the Ludlow rocks. Yet in some localities Rhynchonella navicula 
and Chonetes lata are prevalent in the Wenlock strata — the former near Builth, 
the latter on the west coast of Ireland. 

The species above enumerated are drawn in Plates XX.-XXII. There are, 
however, several others which must be noticed. Among the rarer Wenlock 
species may be reckoned Discina Morrisii of Davidson, D. Verneuilii, Dav., 
Orbiculoidea Forbesii (Foss. 68. f. 11), and Crania implicata, PI. XX. f. 4. 
Discina rugata, PI. XX. f. 1, 2, and D. striata, f. 3, are common Ludlow 
forms. 

Siphonotreta Anglica, Foss. 68. f. 10, is a rare fossil. This genus is charac- 
teristic of the lowest Silurian rocks in Russia. The genus Obolus, also very 
characteristic of the same Lower Silurian near St, Petersburg, has, through the 


Fossils (58). Upper Silurian Braciiiopoda. 



1. Rhynchonella nucula. 2. Rh. Lewisii, Davidson. 3. Atrypa Grayii, Davidson. 
4. Retzia Bouchardi, Dav. 5, R. Barrandii, Dav. 6. Porambonites Capewelli, Dav. 
7. Retzia Salteri, Dav. 8, 9. Variety of the same (var. Baylei, Dav.). 10. Siphono- 
treta Anglica, Morris ; a, portion of the surface, with the annulated spines, magnified. 
11. Orbiculoidea Forbesii, Davidson. 

acumen of Mr. T. Davidson, been recognized in the Wenlock Shale of Dudley 
and Walsall. The British species, Obolus Davidsoni, and its var. transversus, 
Salter t, is a larger form than those of Russia. With such constantly augment- 
ing data for connecting them, it is obviously impossible to divide the Silurian 
rocks into two natural systems. 

Spirifer exporrectus, Wahl., is frequent in the Woolhope Limestone and 
Lower Wenlock Shales. Sp. sulcatus, Hisinger, is a small species common on 

^ Wahlenberg gave the fossil this name before rian fossils in Mr. Davidson’s Monograph (vol. i. 
His^er and Dalman termed it ‘ trapezoidalis.’ Introd. p. 186 ), Palseontographioal Society’s Mo- 
t They are figured and described as Upper Silu- nographs, ISM. 
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Wenlock slabs ; Meristella Circe, Barr., a Bobemian fossil, occurs with tbe com- 
mon Meristella tumida at Walsall; Retzia Salteri (Foss. 68. f. 7) and its var. 
Baylei (f. 8, 9), Bbynchonella Lewisii (f. 2), and Eetzia Boucbardi (f. 4) are 
common Wenlock species ; R. Barrandii, f. 6, Porambonites Capewellii, f. 6, and 
Atrypa Grayii, f. 3 (a strange twisted species), are rare Dudley fossils. Rhyn- 
cbonella nucula, f. 1, is tbe commonest of all the RbynchonellaB of the Upper Lud- 
low rock. Imperfect specimens of it are figured in PI. XXII, f. 1, 2. 

Three Pentameri only were formerly described from the upper division, 
namely P. linguifer, P. galeatus, and P. Knigbtii (see Plates XXI. & XXH.). To 
these may now be added Stricklandinia (Pentamerus) lirata, Foss. 16. f. 3, p. 90, 
found in the Woolhope limestone, which may be considered to be strictly a transi- 
tional species, occurring in the very lowest beds of this division, and in the upper- 
most strata of the Llandovery formation, at May Hill, Gloucestershire, at Pies- 
teign, and also in Pembrokeshire. 

Some species of Orthis have been already quoted, Chap. VI., as very common 
Fossils (59). Upper Silurian Braciiiopoda. 



1. Orthis Bouchardi, Davidson. 2. O. calligramma, Dalm. (O. Davidsoni, deVem 
3. Strophomena pecten, Linn. 4. Str. funiculata, M‘Coy. 6. Interior of the same. 
6. Str. imbrex, Pander. 7. Interior of dorsal valve of the same. 8. Str. antiquata, 
Sow., full-grown (half the natural size). 

in the Wenlock and Dudley limestone. O. Bouchardi, Davidson *, Foss. 59. f. 1, 
O. Lewisii, Dav., and O. sequivalvis, Dav., are rare in the same formation ; and 
so is O. calligramma, Dalm., adveited to at p. 192, if the shell here figured, 
Foss. 69. f. 2, be not a distinct species (O. Davidsoni) as de Vemeuil and 
MUoy suppose. 

Strophomena antiquata, Foss. 69. f. 8, grew five or six times the size of the 
figure in my original work (see PI. XX. f. 18). Strophomena funiculata, f. 4, 
and Str. imbrex, f. 6, 7, are common Wenlock species. Str. corrugata, Portlock, 
is a beautiful but rare Wenlock shell, which has been already cited in the 
Lower division, where it is plentiful. Str. pecten, f. 3, though common both in 
Lower and Upper Silurian, escaped notice when the ‘ Silurian System ^ was 
published. Str. applanata, Salter, a small species resembling the last, occurs 
sparingly in both divisions. 

Lingula Lewisii, PI. XX. f. 6, is one of the commonest species of the Middle 
1848 

dudiai manyl^tTefope described. The perfect Strophomena depressa, a common Bilm^ 

readw wul find a single Productus described species. 

a 2 
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Ludlow OP Aymestry rock ; and L. cornea, PL XXXIV. f. 2, abounds in the 
Tilestone of the Upper Ludlow. They are both well-marked species, and, with 
their congener L. minima, Sow., and the small but characteristic L. lata, Sow., 
L. striata, Sow., and L. Symondsi, Salter, of the Lower Ludlow rock, are all the 
species of the genus known in the Upper Silurian of Britain. The long-oval 
species, called after my esteemed friend the Bev. W. S. Symonds, of Pendock, 
ranges from the Upper Llandovery to the Ludlow rocks, and is a common 
species at Malvern, and at Buildwas in Shropshire. 

The Lamellibranchiate Bivalves, though niimerous in species, have not yet 
been fully described. They consist chiefly, as Prof. Phillips has pointed out *, 
of one or two closely related families, which are represented by the living 
forms Mytilus, Area or Nucula, and Avicula. When strictly defined, the more 
modem genera PuUastra, Mya, Cypricardia, and Cardium, to which several of 
these forms were referred in the original Silurian work, are now found not to have 
existed in these early geological times. 

Forms of the genus Pterinea (Avicula, Sil. Syst.) abound. Pt. retroflexa, 
Wahl., PI. XXin. f. 17, a species subject to great variation, has already (pp. 99, 
121 &c.) been quoted from various strata. Pt. Sowerbyi, M^Coy, f. 15, charac- 
racterizes the Aymestry limestone and Ludlow rocks, whilst Pt. lineatula. Sow., 
f. 16, is very frequent near Ludlow. Besides these common species. Prof. MUoy 
has enumerated several others — ^namely, Pt. Boydii, Pt. demissa, Pt. pleuroptera, 
and Pt. subfalcata all of Conrad, and Pt. tenuistriata, M^Coy, Foss. 60. f. 6. The 
last three are, it is believed, also found in Lower Silurian rocks in Wales and 
Westmoreland. Others are upper Silurian forms only ; such as Pt. hians, M‘Coy, 
an Aymestry rock fossil, and Pt. asperula, M'Coy, f. 4, a fossil from the Wcnlock 
shale at Builth. A common Wenlock species, doubtfully referable to this genus, 
is Pt. planulata, Conrad, Foss. 60. f. 6. Many .species, however, of this age, par- 
ticularly those from Pembrokeshire and Ireland, are, as yet, imperfectly known. 
The district of the Dingle in Ireland, for example, is rich in fossils of this group. 
Of these, Pt. orbicularis, M‘Coy, is one of the largest and most plentiful. Pt. 
posidonisBformis and Pt. fimbriata are described by the same author j and there 
are other species, with several fine varieties of the common Pt. retroflexa, Wahl., 
in that prolific locality. 

Fossils (60). Upper Silurian Lamellibranciiiata. 


1. Pleiu*orhynchus sequicostatus 
Phill. 2, 3. AviculaDanbyi, M‘Coy 
4. Ptermea asperula, M‘Coy. o 
Pter. tenuistriata, M‘C. 6. Pter. ^ 
planulata, Conrad. 



Other large species, more resembling Avicula, or Aviculopecten, such as A 
Danbyi, M‘Coy, Foss. 60. f. 2, 3, and A. ampliata, Phill., occur in the Uppe 
Ludlow rock ; whilst Pterinea (Avicula) mira, Barr., a beautifully reticulate* 


Mem. Geol. Surv. vol. ii. pt. 1. p. 264. 
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species, whicli is common at Dudley, is identical with one from the Upper Silu- 
rian of Bohemia. 

Next in importance are the Mytiloid Shells, represented by the genus Modio- 
lopsis *, which contains several species. Thiw M. complanata, PL XXIII. f. 1, 
is an Upper Ludlow fossil ; M. Nilssoni, Foss. 61. f. 8, is both a Wenlock and 
Ludlow species; and M. platyphyllus, f. 7, is characteristic of the uppermost 
Ludlow beds, where it occurs with some other forms, now referred by Professor 
MUoy to his new genus Anodontopsis. To this group, which contains the more 
circular forms of the genus, belong Anodontopsis (M.) quadratus and A. ovalis, 
Salter, A. angustifrons, MUoy, A. laevis. Sow., and A. bulla, M^Coy, Foss. 61. 
f. 6. They are all species of the Ludlow rock. Mytilus exasperatus, Phill., and 
Modiolopsis antiqua, PI. XXIII. f. 14, are Wenlock fossils, the latter being 
common. Mytilus mytilimcris, Foss. 61. f. 6, is also plentifid in the Wenlock 
rocks. Goniophora cymbaeformis, PL XXIII. f. 2, seems nearly allied to Mytilus, 
and is one of the most abundant Upper Ludlow shells. Certain fonns, less evi- 
dently related to this family, have been termed Orthonota by some authors, and 
Sanguinolites by others. They are thin shells, without hinge-teeth, and outwardly 
much resemble Mya, Panopaea, &c., to which, however, they are not in reality 
at all allied. Orthonota semisulcata (Modiola, Sil. Syst.), is one example from 
the Ludlow rocks, not figured in this work ; and O. prora (Foss. 61. f. 4), is one 
of the most frequent fossils in the Tilestones of Westmoreland. Other species 
referred to this genus in the publications of the Geological Survey t differ still 


Fossils (61). Upper Silurian Lamellibranchiata. 



1. Grammysia cingulata, Hisinger. 2. G. 
triangulata, SalttT. 3. Orthonota angu- 
lifera, MUoy. 4. O. prora, Salter (O. se- 
misnlcata, M“Coy). 5. Anodontopsis bulla, 
MUoy. 0. Mytilus inytilimeris, Conrad. 
7. MtKliolopsis ‘platyphyllus, Salter. 8. M. 
Nilssoni, Hisinger, 


more widely in outward appearance from Modiola, to which they are neverthe- 
less believed to be related. They are abundant in the Ludlow rocks, especially 
O. amygdaJina, PL XXIII. f. 6, and its vaiiety retusa, 17 . This species often 
covers the surfaces of the uppermost stratum ot tlu; I pper Ludlow rock, to 
the exclusion of all other fossils; and with it, more rarely, occur 0. impr^a, 
PL XXIII. f. 3, and O. undata, f. 4. But Orthonota rotundata, f. 5, O. solenoides, 
f. 9, and 0. rigida, f. 8, are more common in the Lower Imdlow. O. angulifera, 
Foss. 61. f. 3, is an ornamented species, rare in the Ludlow rocks of Westmore- 
land, and looking like the Goniomya V-scripta of the Oolite. 

Grammysia, de VemeuU, is a genus resembling the shells last mentioned, but 

^ [There does not appear, however, to be any decided character to separate these sheUs from the 
Modiolas of our own day.—J . W. 8., 1869.] 
t Memoirs, vol. ii. pt. 1. p. 
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easily recognized by the deep furrows on its valves. G. triangulata, Foss. 61, f. 2, 
is a typical Tilestone fossil, and G. cingulata, f. 1, as well as G. extrasulcata, 
Salter, are found with it, both in South Wales and Westmoreland. The last- 
named is equally common in other Upper Silurian strata (W enlock), at Dudley, 
Usk, and near Llandeilo, and is also found in Gothland, Sweden, and Norway. 
It appears to have flourished best on a sandy sea-bottom — a condition apparently 
most favourable to the Lamellibranchiata in general. 

Cardiola interrupta, PI. XXIII. f. 12, is one of the most abundant Bivalves in 
the Wenlock and Ludlow Shales (see p. 127). On the Continent it is also found 
in Upper Silurian strata, but does not extend its range upward into the Devonian 
rocks. Cardiola fibrosa, f. 11, is a Lower Ludlow fossil, and C. striata (Cardium, 
^ Sil. Syst.'), f. 13, is also to be referred to the same genus. 

The shells related to Nucula and Area, in which the hinge-line is beset with 
close-ranged teeth, are very numerous in individuals, though of few species in 
the Upper Silurian. Some of them may be true Nuculse, or even belong to the 
genus Leda, Forbes ; others will fall (see p. 19G) into the genus Ctenodonta a 
name proposed in 1851 for those Palaeozoic Nuculae with an external ligament. 
Ctenodonta Anglica, d’Orb., PI. XXIII. f. 10, Area ? primitiva, Phill., Cteno- 
donta Edmondiaeformis, M^Coy, and Ctenodonta subaequalis, PI. X. f. 7, are 
Upper Ludlow shells, though most of them had an eailier origin, whilst Cteno- 
donta sulcata. His. (Mem. Geol. Surv. vol. ii. p. 269), ranges throughout the 
Upper Silurian. The genus CucuUella, distinguished by a strong internal ridge, 
contains several Ludlow species. C. antiqiia, PI. XXXIV. f. 16, C. Cawdori, 
f. 3, and especially C. ovata, f. 17, are common shells in the Uppermost Ludlow 
(Tilestones, ‘ Sil. Syst.’). C. coarctata, Phillips, is found in great plenty in the 
Ludlow rocks of Pembrokeshire, and occurs also in the Wenlock Shale. The 
genus Cleidophorus, which has no teeth in the hinge, is otherwise much like 
CucuUella. Cl. planulatus, Conrad, is found, according to M‘Coy, in the Wen- 
lock Shale. 

Lyrodesma (Actinodonta) cuneata, Phill., seems to connect these Arca-like 
shells with the Mytilidae or Mussel family. Lyrodesma is found by hundreds in 
the shales of Marloes Bay — not, however, in the Upper Silurian, as formerly 
supposed (^Memoirs of the Geol. Survey,’ vol. ii.), but in the Llandovery rocks. 

Lastly, as a representative of the Cardiaceae, we have one small species of 
Pleurorhynchus, a genus which, as we have before seen, p. 196, commenced ex- 
istence in the Lower Silurian. PI. aequicostatus, Phillips, Foss. 60. f. 1, is a 
miniature example of it, found at Wenlock and Woolhope. In North America, 
larger species of this genus occur in Upper Silurian rocks. 

Lamellibranchiate Shells are far more frequently met with in the Upper Si- 
lurian strata than in the I.-ower — a fact indicated long ago by the organic remains 
figured in my former work, and confirmed by subsequent observations. Out of 
forty-five species quoted in Prof, Phillips’s memoir t, published nine years after 
the ‘ Silurian System,’ five or six only arew found in the Caradoc Sandstone and 
Llandeilo Flags. Prof. M^Coy, in his Descr, Pal. Foss, of the Woodwardian 
Museum, enumerates twenty-three species as belonging to the lower group, 
while he describes fifty from the Upper Silurian, as many as twelve being com- 
mon to both divisions. Portlock, indeed, described many Lower Silurian forms 
of this group from Ireland ; but an inspection of the Museum of the Geological 
Survey, and of numerous private collections, will convince any one that the 

Eep. Brit. Abboo. 1851, Trana. Beet. p. 63. DcBcriptionB of New PalaBOZoic FossilB, Albany, 
Tellinomya of Hall proves to be the same genus, 1857, p. 141. 

though the name is not applicable. See his t Mem. Geol. Surv. vol. ii. pt. 2, 1848. 
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larger proportion in species is still on the side of the Upper Silurian rocks ; 
whilst the individuals in them are unquestionably more numerous. 

The suggestive remark of Prof. Phillips must here be noticed, that the families 
to which the Silurian LameUibranchiata generally belong are those which occur 
at the junction, so to speak, of the Monomyarian and Dimyarian groups. Myti- 
loid, Nuculoid, and Aviculoid shells, therefore, with few additions, were the re- 
presentatives of this order in the Silurian seas. 

Gasteropodous Mollusks, or Univalve Shells, are spread throughout the Upper 
Silurian, but seldom form a conspicuous feature. The Wenlock limestone, how- 
ever, is neither poor in species nor individuals, though several are yet unpub- 
lished. Among them Euomphalus occupies a marked place, four species espe- 
cially swarming in certain localities, viz. Eu. discors, Sow., PI. XXIV. f. 12, Eu. 
rugosus. Sow., f. 13, Eu. funatus, Sow., PI. XXV. f. 3, and Eu. alatus. His., f. 4. 
A species also very like Eu. centrifugus, Wahl., not unfrequently occurs with 
them. Euomphalus sculp tus, Sow., f. 2, which appears to be only a variety of 
Eu. funatus. Sow., is found as frequently in the Llandovery as in Wenlock 
rocks. Eu. alatus, His., f 4, is chiefly a Wenlock Shale species, and occurs of 
the largest size in the calcareous slates of the Dingle promontory in Ireland. It 
is there associated with several other species, particularly the large Eu. lautus, 
M^Coy, Eu. carinatus, Sow., PL XXIV. f. 11, and Trochonema (Eu.) tricinctus, 
M‘Coy, the second of which is most characteristic of the Middle Ludlow or 
Aymestry rock. Of all these species, Eu. funatus, Sow., is by far the most com- 
mon, and has the greatest vertical range. Its concentric operculum is often met 
with, and helps to show the near relation of the genus to Delphinula, as above 
stated (p. 196, Note). 

Eunema cirrhosa, PI. XXIV. f. 10, often occurs in the Wenlock Shale; and 
Platychisma Williamsii, PL XXXIV. f. 13, together with some allied species, is 
frequent in the Upper Ludlow. The Tilestone is crowded with Platychisma 
helicites, PL XXXIV. f. 12, 13, a shell which used to be known as a ^ Trochus,’ 
and looks like a land-snail in outward form. Trochus ? cselatulus, M^Coy, is a 
rare species from the Woolhope Limestone ; and Cyclonema undifera, M‘Coy, is 
a small species of the Aymestry rock. 

The TurritellsB, ^ Sil. Syst.,^ of the uppermost Ludlow rocks have been already 
referred to the genus Holopella, p. 19(), — H. obsoleta, Sow., PL XXXJV. f. 11, 
H. gregaria. Sow., f. 10 a, and H. conica, Sow., f. 10, being very frequent fossils 
in this stratum in Westmoreland, Shropshire, and South Wales. Prof. M‘Coy 
has distinguished another small species, H. grncilior, from the Wenlock Shale 
of Llangollen. I^oxonema sinuosa. Sow., PL XX 1 V. f. 3, and L. elegans, M^Coy, 
are chiefly Ludlow rock species. The latter is a flne shell, two inches long, and 
is frequent both in the Wenlock and Ludlow shales. 

Spiral Shells with notched apertures, Pleurotomaria and Murchisonia, ai'e com- 
mon. Murchisonia corallii. Sow., PL XXIV. f. 7, 31 . articulata. Sow., f. 2, and 
M. torquata, M^Coy, are slender turrpted forms in the 1 iudlow rocks. M. cingu- 
lata. His., three inches long, from Aymestry, is found also in Gothland. M. 
Lloydii, Sow., PL XXIV. f. 6, abounds in the Middle and Lower Ludlow, and is 
frequent in Wenlock Limestone. 3Iurchisonia balteata, Phillips (Mem. Geol. 
Surv. vol. ii. pt. 1. pi. 15), is another interesting Wenlock form. Pleurotomaria 
undata, PL X^V. f. 6, is from the Lower Ludlow, where some other large spe- 
cies, yet unpublished, are also found. Acroculia Haliotis, PL XXIV. f. 9, and 
A. prototypa, f. 8, are exceedingly abundant, the first especially, in the Wenlock 
Limestone, and ^so in the Upper Silurian of Bohemia. These mollusks seem 



SILUEIA. 


[Chap. X. 


to have formed the chief diet of numerous Encrinites of the period, both in 
England and America (see p. 223). Natica P parva, PI. XXV. f. 1, and a few 
other shells, complete the list of published species j but many others, I am 
assured by Mr. Salter, remain to be described. 

One or two Pteropods only have yet been detected ; nor do they seem to be so 
plentiful as in the lower rocks. Tlftca Forbesi of Sharpe, a species very like 
that figured in Foss. 41. f. 1. p. 199, and Th. anceps, Salter, are Wenlock Shale 
species, and the former is also common in the Upper Wenlock rock. Besides 
these, Conularia seems to be the only British Upper Silurian Pteropod, unless 
Ecculiomphalus laevis, Sow., PI. XXV. f. 9, may be considered a member of 
this group. The beautiful and variable Conularia Sowerbyi, Defr. (C. quadri- 
sulcata, var., Sil. Syst), PI. XXV. f. 10, is often found in Wenlock Limestone, 
and occurs with a rarer species, C. subtiHs, Salter, in the Ludlow rocks of West- 
moreland. 

Bellerophons are frequent. Bellerophon dilatatus, Sow., PI. XXV. f. 5, 6, is 
one of the largest Nucleobranchs in the Ludlow and Wenlock rocks. The broad, 
expanded mouth is often three inches wide, and is sometimes furnished with 
radiating ribs (see fig. 5), — at other times smooth, Foss. 41. f. 8, p. 199. B. Wen- 
lockensis, Sow., PL XXV. f. 7, is veiy characteristic of the strata implied in its 
name. B. expansus, Sow., f. 8, is equally so of the Upper Ludlow rock. The 
latter and B. MurchisoniP, d’Orb., PI. XXXIV. f. 19, B. carinatus, Sow., f. 8, 
and B. trilobatus. Sow., f. 9, generally of small size, are most abundant every- 
where in the Upper Ludlow rock. 

Of the Cephiopods which chiefiy typify the Upper Silurian strata, it is un- 
necessary to repeat what has been said in describing the Wenlock and Lud- 
low formations ; the species which most abound have already been enumerated 
(see pp. 114, 127, &c.). It may, however, be noted that some of these forms 
are specially characteristic of particular strata. Thus the thin-shelled species 
of Orthoceras — 0. subundulatum, Portl., and 0. primgevuni, Forbes, here figured, 
are the most frequent shells of Wenlock Shale ; 0. annulatum, PL XXVI. f. 1, 
and its variety, fimbriatimi, f, 2, is a well-known Wenlock Limestone species ; 


FossrLs (02). Ui’per Silurian Cei’iialopoda. 



1. Orthoceras filosum, Sow. 2. 0. Ludens^ Sow. These species are figured from 
specimens two feet in length. 3. O. subundulatum, Portlock (Creseis Sedgwicki, Forbes). 
4. 0. primflBvum, Forbes. The two latter are usually 8 or 9 inches long. 

0. filosum, PL XXVn. f. 1 (Foss. 62. f. 1), 0. ? perelegans, PL XXIX. f. 5, 6, and 
0. dimidiatum, PL XXVIII. f. 5, are common Lower Ludlow fossils ; O. Mock- 
treense, PL XXIX. f. 2, is a Middle Ludlow or Aymestry species ; while 0. Lu- 
dense, Foss. 62. f. 2, and PL XXVIII. f. 1, 0. angulatum, f. 4, 0. ibex, PL XXIX. 
£ 3, and especially 0. bullatum, f. 1, are frequent Upper Ludlow forms. 
Actinocerasnummularium,Pi. XXVI. f. 6, Orthoceras excentricum,PLXXVn. 
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f. 3, 0. canaliculatum, PI XXVIII. f. 3, are rarer Wenlock species; wHlst O. 
distans, PL XXVI. f. 4, O. subgregarium, PI. XXVII. f. 2, and O. imbricatum^ 
PL XXIX . f. 7, are among the less abundant Ludlow fossils. 

Ortboceras tracheale, PL XXXIV. f. 6, and O. (TretocerasP) semipartitum, 
f. 5, though not very common, are characteristic of the uppermost Ludlow or 
Tilestonos, — as well as 0. buUatum, above noticed, which occurs in the greatest 
abundance in every locality of the Upper Ludlow rock. 

The same distribution is observable in the other genera ; for while certain spe- 
cies of Phragmoceras and Lituites are peculiar to the Wenlock, or the Lower 
Ludlow, but few range throughout. Phragmoceras ventricosum *, PL XXXII., 
however, which has been already mentioned, is one of these last : it is frequently 
found at Malvern, in Wenlock limestone, and also at Leintwardine, Shropshire, 
in Lower Ludlow, where also Ph. pyriforme, PL XXX. f. 1^, abounds. 
This species, being straight instead of curved, has usually been regarded as a 
distinct genus, Gomphoceras. Phragmoceras arcuatum, PL XXXI. f. 3, and 
Ph. intermedium, PL XXX. f. 4, are also Lower Ludlow forms. Ph. nautileum, 
PL XXXI. f. 1, 2, and Ph. compressum, f. 4, are found in Wenlock shale; the 
last is even a Llandovery fossil. 

Lituites articulatus, Sow., is foimd both in' Wenlock and Ludlow rocks; L. Bid- 
dulphii, PL XXXI. f. 5, in Wenlock limestone. Lituites giganteus, PL XXXIII. 
f. 1, 2, 3, is one of the finest fossils from Leintwardine and Malvern; and L. 
tortuosus, of which a fragment is figured, f. 4, is found in the black nodules of 
the Wenlock Shale near Welshpool, and also at Dudley. 

The curious genus Ascoceras, of which Barrande has described several 
species from the Bohemian basin, has been found in the uppermost Silurian 
rocks of Britain. The species differs but little from the common Bohemian 
form ; it has been called A. Barrandii by Mr. 

Salter. There are specimens from Usk, Lud- Fossils (03). 

low, and Malvern in the Museum of Practical An Upper Ludlow Cepiialopod. 


Geology; and it may prove to be common. 
This fossil seems more nearly allied to the 
curious genus Tretoceras above mentioned 
(p. 213: Diploceras in the former edition) 
than might be at first supposed. 

To complete the catalogue of the Upper 
Silurian fauna, a brief sketch must be given 
of its Annulose animals, the Worms and 
Crustaceans, as well as of the remains of Fishes 
which have been discovered. 



Comulites serpularius (see PL XVI, f. 3-10) 
is still, as in the Llandovery rocks, the prin- 
cipal Annelide, and, though more frequent in 
the Wenlock Limestone, is not rare in the Lud- 


ABcoceras Barrandii, Salter 
(Quart. Joiim. Geol. Soc. 1856, 
vol. xii. p. 381). From near 
Usk, Monmouthshire, in Upper 
Ludlow roi'k. 


low rocks. The finest specimens are from the 

Wenlock Limestone of Ledbury; but at Dudley, Comulites are found attached 


to shells, in groups of three or four together, like Serpulse ; and they occur in 
profusion on the hard and sea-wom surfaces of the Imdlow rock at Marloes Bay 
in Pembrokeshire, in masses a foot in diameter. Tentaculites omatus, PL XVI. 
f. 11, abounds in the Dudley limestone ; whilst a small species, T. tenuis, f. 12, 
occurs in the Upper Ludlow rock. The place of the latter is sometimes taken 


[This fine Silurian species can scarcely be the Orthoceras ventricosum of Steininger.— J. W. 8. 1859.1 
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by a form so like T. Anglicus, Salter, of the lower division, that it may pos- 
sibly be a variety only, in which case we gain another characteristic fossil for 
uniting the two groups. This Tentaculite is plentiful, like the Comulite, in the 
sandy Ludlow rocks of Marloes Bay and Freshwater, Pembrokeshire. 

Other Annelides (Serpulites, Sil. Syst.) are very common in the Ludlow rock. 
They are flattened tubes, thick at each projecting edge, sometimes shelly, but 
at other times corneous, or even membranous on the sides. Serpulites longissi- 
mus, PL XVI. f. 1, grew to a length of twenty inches, measured along its spiral 
curve. It is one of the type fossils which most attracted me when I first traced 
the range of the Upper Ludlow rock. Greyish-blue portions of it are found in that 
band over great distances throughout the Silurian region, and the small shining 
fragments are often mistaken for remains of Fish. Serpulites dispar, Salter, from 
Kendal, the tube of which has remarkably thin sides, is figured in the work 
descriptive of the Woodwardian Museum. Trachyderma coriaceum and T. squa- 
mosum of Phillips * are wrinkled tubes of these Annelides, frequent in the Ludlow 
rocks of the original Silurian region, and are occasionally found in an upright 
position in the bed. A few other species are found in the Wenlock strata and 
the stratum which I formerly distinguished as the Fucoid-bed of Ludlow (p. 133). 
It appears to contain no remains of Sea-Aveed, but to be made up of the closely 
interwoven burrows of marine Worms, and perhaps Crustaceans. 

The chief Crustacea are Trilobites. They are exceedingly abundant, form- 
ing in some beds, and especially in the Wenlock Limestone, the most conspicuous 
fossils. Many forms have been already quoted in the preceding Chapters; and 
two woodcuts are here given, to represent either the principal forms not illus- 
trated in my original work or those now more perfectly known. Among the 
latter we may reckon the elegant and highly ornamented Dudley fossils, En- 


Fossils (64). Upper Silurian Crustacea. 


1. Lichas Anglicus, Bey- 
rich ; and its hypostome or 
labrum. 2. Cdymene tu- 
berculosa, Salter ; also with 
its labrum. 3. Lichas Bar- 



randii, Fletcher. 4. Bey- 
richia Kloedeni, M’Coy ; na- 
tural size and magnified. 
The other figures are reduced 
to about half size. 


crinurus punctatus, Foss. 05. f. 5, and E. variolaris, f. 6. These, which are 
known by the name ‘ strawberry-headed ^ by collectors, are found on every slab 
of Wenlock limestone, but seldom perfect except at Dudley, whence the fine spe- 
cimens formerly in the cabinets of Mr. Gray and Mr. Fletcher were obtained. 
Cheirurus bimiicronatus, Foss. 66. f. 4, figured from fragments only in Sil. 
Syst., is found perfect in the same collections, and in the cabinet of my friend 
the Rev. T. T. Lewis. The singular genus Acidaspis is now better understood 
than when I formerly described it ; and no less than six species of this genus, 
besides Acidaspis Brightii (PL XV III. f. 7, and Foss. 66. f. 8), are known in 
the Upper Silurian rocks. The head, Foss. 66. f. 9, of one of the largest species, 
called A. Barrandii by Mr. Fletcher, is here figured. It belongs to a group 


Mem. Geol. Surv. vol. ii. part 1. pi. 4. 
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remai'kable for baying the lobes of the bead nearly obliterated^ and possessing 
two large neck-spines. The common CaJymene Blumenbachii, PI. XVIII. f. 10, 
was perhaps the most prolific of all the Silurian Trilobites, and is, as before 
stated, known also in the lower division of the system. C. tuberculosa, PI. XVIII. 
f. 11, and Foss. 64. f. 2, which was formerly given as a variety of it, is a very 
plentiful species in the Wenlock Shale. 

Among the Trilobites here figured which were not published in my former 
work, SphaBrexochiia minis, Foss. 65. f. 1, is singularly formed, the head being 
BO inflated as to resemble a ball. This Wenlock fossil has a very general geo- 
graphical or horizontal range, being found both in America and Bohemia in 
Upper Silurian rocks. It appears, however, to have existed earlier in Britain 
than in those distant parts ; for it is found in the equivalent of the Caradoc rocks 
in Ireland. Four or five species of Lichas (a genus already figured in Chap. IX.) 
are now known in Wenlock Limestone. The genus is remarkable for the shape 
of the head and its lobes. L. Grayii, L. Salteri, L. Barrandii, Foss. 64. f. 3, and 
L. hirsutus are all species figured and named by Messrs. Fletcher and Salter from 
Mr. Fletcher’s rich collection (Quart. Journ. Geol. Soc. vol. vi. p. 236). With 


Fossils (65). Wenlock Limestone Trilobites. 


1. Sphserexochus minis, Beyrich ; 
with a coiled-up specimen. 2. Cyphas- 
pis megalops, M‘Coy. 3. Phacops 
PowningiflB, Murch. ; both extended 
and coiled-up. 4. Cheirurus bimu- 
cronatus; and its labrum or lip. 5. 
Encrinurus punctatus, Briin. ; and its 
labrum ; drawn from a Dudley speci- 
men. 6. E. variolaris, Brong. 7, 
ProetuB latifrons, M‘Coy. 8. Aci- 
daspis Brightii, Murch. 9. A. Bar- 
randii, Fletcher and Salter ; the head or 
cephalothorax. 



them is associated a small and very common species, the L. (Arges) Anglicus 
of Beyrich, Foss. 64. f. 1, of which a very imperfect illustration was formerly 
given in Brongniart’s work, from a Dudley specimen. It occurs also in Upper 
Ludlow rock, in the Whitcliffe, Ludlow. Phacops Downingiae (Foss. 66. f. 3, 
and ri. XVIII. f. 2-6), and P. caudatus, PI. XVIII. f. 1, with its variety, P. 
longicaudatus, PI. XVII. f. 3-6, have been already quoted (p. 121) as very 
common forms. 

Proetus Stokesii, PI. XVn. f. 7, and P. latifrons, Foss. (>6. f. 7, are also far 
from rare in Wenlock strata. Bumastus Barriensis, Murch. (lUsenus, auct.), 
Foss. 17. p. Ill, and PI. XVII. f. 9-11, ranges, as before said, from the lowest 
Wenlock beds to near the top of the Upper Silurian. This fine fossil occurs of 
the largest size in the Woolhope Limestone, and is found in the pipeclay beds of 
that formation at Malvern. Two species of Homalonotus also have been already 
quoted, pp. Ill, 133 ; H. Knightii, Konig, being veiy^ characteristic of the Upper 
Ludlow rock. 

Cyphaspis megalops, M^Coy, Foss. 66. f. 2, and a small species, C. pygmseus, 
Salter, are the only species of that genus known in England. The former began 
life in the Lower Silurian epoch. Deiphon Forbesii,- Barrande, is a rare, globular- 
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headed Trilobite^ found both in the Dudley limestone and its equivalent rock in 
Bohemia. And, lastly, there is a species of Bronteus, probably Br. laticauda, 
Wahlenberg, found by my deceased friend Dr. Lloyd, in the Wenlock Limestone. 
It is figured by Professor Phillips under the name of Br. signatus (Palseoz. Foss, 
of Cornwall, &c., f. 254). The original of this rare fossil is in the cabinet of 
Professor Tennant, of London. 

A goodly list of Trilobites of the Upper Silurian rocks has thus been given ; 
and many other forms will probably reward research. 

The small Bivalve Crustaceans, such as Beyrichia, M^Coy, Leperditia, Rou- 
ault, and Primitia, Jones, remain to be noticed. They are very numerous. The 
most abundant Upper Silurian species is Beyrichia Kloedeni, M‘Ooy, Foss. 64. 
f. 4, according to ftofessorT. Rupert Jones, our best authority on these subjects. 
It is a very abundant species from the base of the Wenlock Shale to the 
highest Ludlow stratum, varies greatly in shape, but is a good index of the 
Upper Silurian, though found sometimes in the Llandovery rocks. B. Wilck- 
ensiana, Jones, is also plentiful in the Ludlow rocks, and B. siliqua, Jones, 
has been detected in slabs of Woolhope Shale near Malvern. The Lower Silu- 
rian form, it will be recollected, is B. complicata, Salter (pp. 204, 206). Dr. H. B. 
Holl has found many of these Bivalve Crustacea well preserved in the Upper 
Silurian limestones near Malvern; they are numerous and of a still liner 
growth in the Upper Silurian limestones of Gothland. The Beyrichiae, together 
with the little Primitias, and the relatively large Leperditiae of Gothland, are, in 
the opinion of good naturalists, probably of the Phyllopod tribe, and more 
nearly allied to living forms than the Trilobites that accompany them. 

Fossils (66). UrrEE Silurian Crustaceans. 


Ceratiocaris from Losmahago — f. 1, with its 
abdomen displac^ed and rceuryed*; andf. 2, the 
carapace of anotluT spocios, showing tlie two 
valves of wdiich it is composed, a. Anterior, 
h. posterior end of carapace. 



So also may be some larger, shrimp-like forms, Ceratiocaris, from the Ludlow 
rocks of Ludlow, Kendal, and the South of Scotland. One of these, C. inoma- 
tus, M^Coy, is three or four inches long. The carapace, or front part only of the 
body, of this species, was described by Professor M^Coy ; but the possession of 
more perfect specimens of other species — some even of greater size — has now 
permitted the delineation of the entire form. There appears to be good evidence 
that Ceratiocaris was a Bivalve Crustacean, probably of the Phyllopod tribe. 
To the same genus also belong those curious striated crustacean spines which 
are represented in PI. XIX. f. 1, 2. They were skilfully distinguished, by 

* This position of the body at first misled oh- ^ Mr. Slimon from Lesmahago and now in the 
Bervers as to which was the front and which the British Museum, in which the moxilles are seen 
hinder end of the Carapace; but the position of within the anterior portion of the carapace, appa- 
the ocular tubercles |>ointed to the anterior part of rently in situ. (See Mr. H. Woodward’s paper on 
the carapace ; and the question has been defi- Crustacean Teeth, in the ‘ Geological Magazine,' 
nitively solved by the help of a specimen obtained 1866, vol. ii. p. 401, pi. 11. fig. 1.) 
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Prof. M^Ooy, from fish-defences, with which they were formerly confonnded. 
(See p. 134.) That naturalist, indeed, supposed them to be the slender pincers 
of some large Crustacean, and hence called them Leptocheles, viz. L. (Ce- 
ratiocaris) leptodactylus (from the Lower Ludlow) and L. (C.) Murchisoni, 
PI. XIX. f. 1 ; but M. Barrande had, at the same time, found more perfect 
specimens in Bohemia, indicating that these long-pointed spines formed the trifid 
tail of a Crustacean, something like that of the Carbo^erous genus Dithy- 
rocaris. Ilis accurate figures, as yet unpublished, show, however, only the 
terminal segment of the abdomen. The perfect specimens from Ludlow and 
Lesmahago show the entire structure ; and we are now, therefore, able to 
unite all these forms in one genua. There cannot be loss than twelve or fourteen 
species distributed in the Ijower and Upper Ludlow rocks : some of them must 
have been nearly a foot in length, and others are minute *. 

The largest, if not the moat highly organized, Crustacean in the Silurian list 
is the Pterygotus problematicus, Agas., before mentioned. The fragments of the 
body-rings, which are represented, PL XIX. f. 4, 5, were at first considered by 
Agassiz to be fish-scales t ; but that author soon afterwards corrected his 
statement J, and assigned the animal its true place among the Crustacea. 
Reference has already been made to several other species, pp. 126, 140, the most 
gigantic of which, perhaps, occurs in the Tilestone quarries of Kington. The 
dimensions which Pt. problematicus (the Ludlow species) attained are un- 
known, — though, from fragments of the pincers described by Strickland and 
Salter §, it was probably not much smaller than the great Scotch Ptery- 
gotus, the ^ Seraphim ’ of the Scottish quarrjTnen, which must have been 6 
or 6 feet in length ||. Prof. M‘Coy first referred Pterygotus to the Pcecilopoda 
(Limulus &c.) ; Mr. Henry Woodward has united the Eurypterida and Xiphosura 
in one order (Merostomata, of Dana) 5[, of which the large King-crab (Limu- 
lus) is the modem type; and Professor James Hall has beautifully figured 
many complete specimens of Eurypterus from Buffalo, Lake Erie D’Eich- 
wald’s and Professor Nieszkowski’s ft figures of the Russian Eurypteri (see 
p. 162) are also very good ; and now that the entire form of Pterygotus itself 
has been discovered, they help to complete the evidence for the formation of 
a new suborder of Crustacea. These are the Eurypterida — already so named by 
Burmeister, but with a meaning different from that which the term now implies. 

In a memoir already quoted (Quart. Joum. Geol. Soc. vol. xii. p. 28), Pro- 
fessor Huxley has given reasons for considering these large Crustacea to be of 
a type nearly resembling some of the smallest of our lining Decapod Crustacea 
(Alauna, Bodotria, Cuma, &c,), and as even showing great similarity to the 
larval state of the higher forms ; and he adopts the term Eurypterida as in- 
cluding these two Palssozoic genera (Pterygotus and Euryptems), if not some 
others also, at present unsatisfactorily arranged among the PhyllopodsJiJ. 

The entire form of Pterygotus was very simple (Foss. 26, p. 162) : — a small, 
half-oval, or subquadrate carapace, followed by thirteen convex body-rings, 
the last of which forpied a pointed, truncate, or even bilobed tail-joint ; two 
large, compound eyes on the sides of the carapace ; and beneath it the mouth 
is situated, protected by a large heart-shaped labrum. 

* See Geol. Mag. voL iii. p. 203, pi. 10. figs. S-lOt ** Palaeont New Fork, vol. iii. 1869, pp. 882, 
t Sil. Syst. p. 600. ' 419* and plates. 

I Poifls. Vieui Grfes Rouge, pi. 1. tt Archiv Natur. Liv-, Esth- und KupI. 1869, 

t Quart. Joum. Geol. Soo. (1852) vol. viii. p. 1st ser. vol. ii. p. 299, pis. 1 & 2. 

886, pi. 21 . II Memoir on these Palssozoic Crustacea 

II ’pterygotus (Himantopterus) Bankaii could ^ Huxley and Salter, Monograph I., Memoirs 
not have measured as many inches. Geological Survey of Great Britain, 1869. 

Monograph, PaJseont. Soc. 1866. 
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jPive pairs of mouth-appendages are known : — a pair of large 6-7-jointed an- 
tennas with massive chelas, which are furnished with sharp cutting teeth; large and 
small ; three pairs of mandibles with serrate edges, and with a single palpus of 
6 or 7 joints. Then there is the large pair of swimming-feet of seven joints 
each, the basal joint excessively large and serrate at its inner edge, and the 
terminal joints expanded for swimming, like those of the pelagic crabs (Poly- 
bius, &c.). 

These are all attached to the carapace. No appendages to the rings of the 
body have been observed j but attached to the posterior border of the head- 
shi^d on the lower side, and covering the under surface of the first and second 
anterior segments, there is seen a broad thoracic plate, apparently homologous 
with the opercular plate in Limulus, which covered, no doubt, in the fossil, as 
in the recent Crustacean, the reproductive organs and the branchise. There 
appears to be good evidence that one or more plates, similar in form, lie con- 
cealed beneath this opercular plate, as in the recent King-crabs. This point of 
structure has been independently noticed by Professor Ilall in North America, 
Professor Nieszkowski in the Baltic Provinces, and by Messrs. Salter and H. 
Woodward in this country. (See the Monograph on the Merostomata, Pal, 
Soc. 1866.) 

Eurypterus, though resembling Pterygotus, differs from it in having the 
eyes within the cephalic shield, not upon the border, — also by the want of 
the great pincer-like claws, as we find by the figiues given by Professor Hall 
{op. cit.). Eight species of the genus have been found in Britain ; and they 
have similar scale-like sculpturing, though less conspicuous than in Pterygotus. 

The distribution of these two genera is as follows : — 

As abeady stated, p. 96, there is a rare species of Pterygotus in the Up- 
per Llandovery rocks, and fragments of a Pterygotus occur in the Wen- 
lock beds, though it is only of late that any forms of the genus have been 
foimd in so old a rock even as the Lower Ludlow, in which two species 
occur: the chief one, distinguished by its prominent and pointed squamae, 
and by its long swimming-feet, has been called Pt. pimctatus by Mr. Salter ; 
its mandibles are furnished with large fringed palpi. The other species has 
more open sculpture, like that of the Pt. problematicus, Agas., which is cha- 
racteristic of the Upper Ludlow rock. Of this latter species, mere frag- 
ments are yet known, including parts of the feet, the jaws, the antennae (de- 
scribed as pincers, see p. 237), and some portions of the underside. There 
are, however, at least two large and several small species in the Upper Ludlow 
rock. 

Again, from the Tilestones of Kington, Herefordshire, Mr. Banks has dis- 
interred another fine Pterygotus, which has a wide expanded precaudal joint and 
a head rounded in front. This is not the same species as the large fossil already 
described under the name Pterygotus Anglicus, Agas. j and, as it appears not 
to be identical with Pt. problematicus of Agassiz, it has been named by Salter 
Pt. gigas*. This must have been truly a gigantic form, rivalling if not 
exceeding in size the nearly allied Pt. Ludensis, already referred to in 
Chap. VII. 

* Geol. Surv, Mem., Monogra^, No. I. 18.59. cimens from Lanarkshire, he liberally made over 
In justice to Mr. B. W . Banks, of Kington, I must his materials for description in the G-eological Sur- 
here state that he had long collected materials vey Memoirs, Monograph No. I. 
for the illustration of Pterygotus gigas, and had Fteiyeotus Ludensis, so abundant at Ludlow 
been fortunate enough to discover a great number and ludderminster in the ‘ Passage-beds,' has 
OT parts, which he succinctly described in the the greatest analogy with the Scotch fossil, Pt. 
Quart. Joum. Geol. Soc. voL xii. p. 97. On the AngBcus, which occurs in the lowest part of 
publication, however, of the more complete spe- the Old Bed Sandstone of Scotland, rt. pro- 
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As tending to indicate an exact horizon for some of these species, it may be 
remarked that Pterygotus gigas, Salter, is now known to occur just at the junc- 
tion of the Silurian and Old Red formations at Kington j whilst in beds a little 
higher, at Ludlow and at Kidderminster, the Pt. Ludensis, Salter, is the prevail- 
ing fossil. There is reason to believe that the beds in Forfarshire, in which 
the great Pterygotus Anglicus, its closest ally, is found, are of the same date. 

Both in Scotland and in Worcestershire Pterygotus is accompanied by 
Parka decipiens (see Chap. XI.), a fossil which Dr. J. Fleming supposed to 
be the fruit (or receptacle of the fruit) of some plant. There is strong reason 
for believing that these fossils are, on the contrary, the egg-packets of Ptery- 
gotus. They are of a discoid shape, and puckered and plaited from the 
point of attachment as from a centre. The appearance is as if a tough mem- 
brane containing rounded and rather soft egg-shaped bodies had suffered com- 
pression in the rock. The ovoid masses aiFord no indications of a style or 
stigma, such as must have been present had they been of the nature that Dr. 
Fleming supposed. That a great Crustacean, so like in many respects to the 
Copepoda, should have had large ovisacs, or that it deposited large masses of 
ova, on such aquatic vegetation as that noticed by Mr. Powrie in the same beds 
in Forfarshire, is far from unlikely, although the discoid shape of the fossil 
bodies * is different from that of the living forms. 

There are indications of several other species of Pterygotus in the Tilestones: 
Pt. Banksii, the least of them all, is here figured, Foss. 67. f. 2. 

Fossils (67). 

Pterygotus and Edrypterus, from the Tilestones op Kington. 



As far as has yet been ascertained, the genus Pterygoius preceded Eurypterus 
in time, the oldest Eurypterus yet found being E. cephalaspis t, Salter, from 
the Upper Imdlow rocks of Westmoreland; but it seems to have continued 
longer in existence. E. pygmaeus, Salter, Foss. 67. f. 1, a small and abundant 
species in the Tilestones at Kington and Ludlow, accompanies other species at 
the latter place. The genus occurs in beds of the same age in Russia, as already 
noted (p. 162). And, as we shall afterwards see, a fine species (or two) is 


blematieus, on the contrary, which commenoea 
in the Upper Ludlow rock, appears to range up 
into the Cornstones, having been found by Dr. 
John Harley, of Kine’s ColJ^^e, m those beds 
at Hopton Gate, Ludlow. This is the highert 
ranffe of the genus known, and corresponds with 
the great extent to which the opposed egg- 
paokets of this Crustacean I 

are found in the Lower Old ^ed Sandstone of 
Forfarshire, — Tealing, near Duadpe, and Car- 
mylie, near Montrose, being localities noh m 
Fterygoti. 


* Dr. Mantell suggested that these were ova of 
Batraohians (Quart. Joum. Geol. Soc. vol. viii. 
p. 106 ; see also Lyell’s Manual, .5th edit., p. 421) ; 
and Mr. D. Page has remarked, that not only are 
some of them probably of vegetable origin, as de- 
scribed by Dr. Fleming, but others are possibly 
the spawn of Batraohians and MoUusks, and even 
of the Crustaceans so common in the Old Bed 
(Advanced Textbook, 1856, p. 127). Bee also Geol. 
Surv. Mem., Monograph L P; 77. 

t Appendix to Pal. Foss. Woodw. Mns. pi. 1 JS. 
fig. ai. 
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found in the Old Hed Sandstone^ and also in the lower beds of the Carbonife- 
rous rocks of Scotland, whence they were first described by Dr. Hibbert *. 

Mr. Henry Woodward has of late enriched the list of Silurian org^ic remains 
by recognizing the existence of Cirripedes among the fossils of the Weulock 
Limestone of Dudley, De Koninck’s Chiton Wrightianus having proved to be 
really a new form of this suborder. Several specimens have been found. It is 
the earliest known of the pedunculated Cirripedes, and has been named Tur- 
rilepas by Mr. Woodward f. 

In the first edition it was affirmed that in the true Bone-bed of Ludlow no 
remains of Fish, save those of a few placoid genera, were to be met with. Even 
here their remains are very scant}’^, some of those few which were formerly re- 
ferred to the class having been removed, as stated at p. 134, to Crustaceans. 
But those remarkable heads called Pteraspis (PI. XXXVII. f. 9-11) are still to 
be referred to Fishes, according to Professor Huxley, who has ascertained that 
there is no essential difference between their structm’e and that of Cephalaspis J. 
There are at least two species of these old anomalous Ganoid ? fishes in the 
Ludlow rock itself. Both have been found near Ludlow, — one in the grey 
Ludlow rock, by Dr. John Harley, of King’s College, London j the other, by Mr. 
A. Marston, in the Bone-bed of Ludlow. 

The first of these, which is of a plain oval form, and with only fine longitu- 
dinal striae, is probably P. truncatus, Huxley and Salter, Foss. G8. f. 1 ; the 
other, a broader species, is P. Banksii, ib. f. 2. Both of these (here figured) 

Fossils (68). 

Fishes (Pteraspis) prom tub Ludlow Eock and Passage-beds §. 

2 

1. Pteraspis truncatus, Huxley and Sal- 
ter, from the ‘ Passage-beds,’ Kington. 2. 
P. Banksii. Huxley and Salter ; an orna- 
mented species, showing, too, the cervical 
spine. From Upper Ludlow rock at Lud- 
low : the same species occurs in the ‘ Pas- 
sage-beds.’ 



were discovered by Mr. Banks in the ^ Passage-beds ’ of Kington in Hereford- 
shire (p. 138) ; the latter species was also found near Kidderminster by the late 
Mr. George Roberts, together with the Pterygotus before mentioned. The two 
species of Cephalaspis in the shale at the Ludlow Railway-Station (p. 139) 
must not be forgotten. The occurrence in true Ludlow strata of one, if not two, 

* Trans. Boy. Soc. Edinb., 1st ser., voL xiii. been regarded by some as Crustacea, though Agas- 
pl. 12. siz placed them among Fishes of the genus Ce- 

t Quart Joum. G-eol. Soc. voL zxi. p. 486. phalaspis. 

I Mr. E. R. Lankester's description of the In a memoir read before the Geological Society 
scales of Pteraspis, and of the shape of the per- (Quart. ,) oum. vol. xiv. p. 267), Professor Huxley 
feet head-shield, forms a valuable contribution to definitely included them in the class of Pishes, 
our knowledge of this interesting Fish. Quart. 1 may here observe that my friends the Rev. W. 
Joum. GeolTSoc. vol. ix. p. 194. Symonds and the late Rev. F. Dyson, knowing the 

^ The fish-fragments figured above, as well as position in which thesf^ Fishes ought to occur, 
those illustratea in PI. XXXVI. under the name discovered them in their own Malvem district, 
Pteraspis, require a note of explanation as to the and have detected the principal species in the 
name. They received that name from Dr. Kner Lower Comstoues of the Old Bed Sandstone at 
(see Haidinger’s AbhandL voL i.) in 1847, who Cradley. 
referred them to Cephalopoda. Tney have since 
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species of true Fishes identical with those of the ^ Pass^e-heds * is a fact of im- 
portanco; as tending to connect the latter intimately with the Silurian rocks. 

Besides these, however, and in the Ludlow Bone-bed itself, there are 
remains of other Fishes * — defences of the fins of Shark-like species, with sha- 
green or skin, jaws and teeth, and other minute fragments less easily deter- 
minable* 

Onchus tenuistriatus, PL XXXV. f. 15-17, and 0. Murchisoni, f. 13, 14, are 
bony fin-spines, such as are possessed by placoid Fishes of the present /lay. 
Sphagodus, f. 1, 2, is the prickly skin of some such animal, and may have ^- 
longed (as suggested by M^Coy) to one of the former. The small cushion-like 
bodies, f. 18, called Thelodus par\idens by Agassiz, that occur by myriads in the 
stratum, often forming large portions of its thin layers, are certainly the gra- 
nules of the skin, or shagreen, of one or other of these two common species. 
The remarkable jaws and teeth, PL XXXV. f. 3-8, first figured in my former 
work, and named by Agassiz Plectrodus mirabiUs and PL (Sclerodus) pustuli- 
ferus (f. 9), must still be regarded as the jaws and anchylosed teeth of some 
small Ganoid fish — ^possibly even (as suggested by Mr. Salter) of Pteraspis or 
Cephalaspis, the teeth of these genera, if they had any, being yet unknown. 
Professor M^Coy, however, is inclined to refer these bodies also to the order of 
Crustaceans, — an opinion which, from the descriptions of Egerton, is not tenable. 
Their texture is solid and bony, and retains the jet-like lustre which the other 
fragments exhibit. 

Again, as evidence of the predaceous habits of some of these Fishes, the 
small coprolitic bodies, PL XXXV. f. 21-28 (which, according to Dr. Prout s 
analysis, contain the due admixture + of phosphate and carbonate of lime, with 
other matters), retain, imbedded in them, fr'agments of the various small 
MoUusks and Crinoids which inhabited the sea-bottom in company with 
the Fish. It thus appears that Bellerophon, Holopella, Lingula, Discina, and 
Orthis were all preyed upon by these minute but dominant creatures } and the 
half-digested Shells remain here, as in the excrement of Fishes of many later 
formations, and of the present period, to attest the character of their food and 
the extent of their depredations. 


Thirty years have now elapsed since I announced that these Fishes of 
the Upper Ludlow rock appeared before geologists as the most ancient beings 
of their class t ; and indefatigable subsequent researches in the various 
parts of the world over which Silurian rocks extend have as yet failed 
to alter this generalization, except that one fragment of a Pteraspis 
has been found in the lower part of the same Indlow formation (see 
p. 126). In other countries, indeed, besides our own; as in America and 
Bohemia, and notably of late in Russia, Ichthyolites ha ve been discovered 
just within the pale of the Silurian rocks ; but there, as with us, they are 
found merely on the threshold of the system, and, except in Russia, very 


* In ft survey of the May Hill district, in Glon- 
cesterahire, made whilst the pages of the flrat 
edition were passing through the press, Mr. H. 
B. Strickland and myself, reexamimng the cut- 
ting of the aioucester and Boss r^road, ne^ 
BU^ey (Which my friend had already desenbed, 
Quart. Journ. Q-eol. Boo. vol. ix. p. 8), discovered 
two thin bone-beds, each little more tiiaa an inch 
thick, and separated by about ^en feet of fossi- 
liferous ITpper Ludlow rock. On the same oco^ 
■ion we observed that the only remains of small 


land plants (one of which seemed to be a stem, 
and the others numerous seeds, termed apore- 
oases of LyoopodiacesB ’ by Dr. Hooker, we p. 138) 
ocoiurred in beds above the uppermort nsh-layer, 
and therefore at the very top of the Lu^ow 
tion, just beneath the lowest beds of the Old Bed, 
in which we found a Cephalaspi^— the two deuo- 
sits beiM there conformably juxtaposed. Bee 
Chap. Vn. 

t Bil. Syst. pp. 199, 607. 

I Bil. Syst on. 46, p. 606. 
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sparingly. We may therefore fairly regard the Silurian system, on the 
whole, and certainly all the Lower Silurian, as representing a long and 
early period in which no bony vertebrated animals had been called into 
existence. 

But here wo must recoUcct that, when first created, the Onchus of the 
uppermost Silurian rock was a marine Fish of high and composite 
order, and that it exhibits no symptom whatever of transition from a 
lower to a higher grade of the family, any more than the Crustaceans or the 
Cephalopods and other Shells of the lowest fossiliferous rocks, all of which 
ofier the same proofs of elaborate organization. Nor does the structure of 
Pteraspis, which must now be regarded as the earliest known British genus, 
since it occurs in the Lower Ludlow rock, offer, in Professor Huxley’s 
opinion, any evidence of having occupied a lower position in the scale 
than existing Ganoid or possibly Sduroid Fishes. In short, the first 
created Fish, like the first forms of those other orders, was just as mar- 
vellously constructed as the last which made its appearance, or is now 
living in our seas. 

In a word, the geologist who stands on the summit of the Silurian rocks 
of Shropshire and Herefordshire, where they graduate imperceptibly into 
the Old Bed Sandstone, and casts his eye westward over the mountains of 
Wales, sees before him ancient masses in which, though replete with 
copious animal remains (the tenants of preexisting shores and deep sea- 
bottoms), no traces of Yertebrata have ever been detected. Looking 
eastward, on the contrary, hiUs of red sandstone appear, the lower strata 
of which immediately succeed to the fish-beds of the Ludlow rocks ; and in 
those he finds that Fishes are the characteristic fossils. 

Examining upwards from that first great piscina of by-gone days, the 
Old Bed Sandstone or Devonian, which will be considered in the next 
Chapter, he ascertains that the superjacent and younger strata, whether 
Primary, Secondary, or Tertiary, are all characterized by containing 
Ichthyolites. In other words, the throe or four peculiar Fishes just 
enumerated may be viewed as the heralds which announced the close of 
the Silurian era in Britain, and the advent of the numerous other families 
of this class, which thenceforward are found in aU the younger sediments. 
The name ‘ Silurian ’ marks, therefore, a vast series of fossiliferous de- 
posits, throughout the great mass of which no remains of vertebrated 
bony animals have been discovered. 
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CHAPTER XI. 

THE OLD BED SANDSTONE, OR DEVONIAN ROCKS, AS EXHIBITED 
IN THE BRITISH ISLES. 


Having described at some length, the lowest known receptacles of former 
beings, a shorter consideration only can be devoted to the younger races 
which were successively enclosed in the higher tiers of the vast primeval 
burying-places. 

During the accumulation of nearly all the Silurian deposits of Britain, 
which were characterized by a certain fauna, the bottom of the sea was, to 
a wide extent, occupied by dark and grey-coloured sediments. At the 
close of that period a great change occurred over large areas in the nature 
and colour of the submarine detritus. In and around the Sdurian region, 
for example, the dark-grey mud was succeeded by red silt and sand ; the 
colour being chiefly caused by the diffusion of iron-oxides in the waters *. 
These physical changes were accompanied by the disappearance of those 
tenants of the deep, the records of which we have been tracing, and by 
the appearance of other animals. 

The gradual passage upwards, from the highest strata of the grey Silu- 
rian rocks into such red deposits of England, Wales, and a part of Scotland, 
has already been alluded to t, and illustrated by several diagrams. 

In the lower jimction-beds, as seen within the Silurian region, it is only 
by the detection of certain Upper Ludlow fossils in thin beds or tilestones, 
partially also of reddish colours, that the limit can be defined, so gradual 
is the mineral transition from the strata of the one era into those of the 
other. StiU the change is, on the whole, lithologically well marked in 
that region, from the underlying grey Silurians to the overlying red and 
yellow rocks. 

Good examples of this succession are to be seen near Ludlow, be- 
tween that town and the Clee Hills, and thence all along the eastern edge 
of the Upper Silurian rocks in Hereford, Radnor, and Brecon, as well as on 
the west flank of the Malvern and May Hills, and around the valley of 
Woolhope. The grandest exhibitions, however, of the Old Red Sandstone 
in England and Wales appear in the escarpments of the Black Mountain of 
Herefordshire, and in those of the loftiest mountains of South Wales, the 
Fans of Brecon and Carmarthen, — ^the one 2860, the other 2590 feet above 
the sea. (See Map.) In no other tract of the world, visited by me, have 


ATftfilleiit observations on the inflnenoe of iron-oxides on marine life, by the late Sir 
Mem. 0 ™" snrv. of Great Britain and Ireland, rol. i. p. 81. 

Pp. 66, 66, 68, 64, 87, 106, 110, 124 & 184-144. 
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I seen such a mass of red rocks (esti- 
mated at a thickness of not less than 
10,000 feet) so clearly intercalated be- 
tween the Silufian and the Carboni- 
ferous strata ; for, whilst (as repre- 
sented in the diagram, p. 58) the fore 
and middle grounds are occupied by 
Lower and Upper Silurian rocks, de- 
scribed in Chapters III. to YII., the 
lofty distant mountains are entirely 
composed of Old Red Sandstone. The 
observer has only to repair* to the 
southern slopes of those mountains be- 
yond the line of vision in that sketch, 
and he will there see the uppermost 
beds of the red rocks conformably over- 
lain by the Carboniferous Limestone of 
the Great South- Welsh coal-basin. 
(See annexed diagram.) 

If, then, the pictorial sketch given 
at p. 58 represents the whole region 
from the Lower Silurian slates to the 
summit of the Old Red, this diagram, 
taken from one of the coloured sections 
of the ‘Silurian System,’ indicates the 
copious succession of red strata, which 
are exposed between the Upper Si- 
lurian, a, of the Treweme Hills, and 
the Carboniferous rocks, g, h, i, of the 
Great South- Welsh coal-field near 
Abergavenny. 

Consisting in its lower parts of red 
and green shale and flagstone, h, with 
some small ‘comstones’ and whitish 
sandstone, c, the central and largest 
portion of the deposit is composed of 
spotted green and red clays and marls, 
d, which afibrd, on decomposition, the 
soil of the richest tracts of the counties 
of Brecknock, Monmouth, Hereford, a 
large portion of Salop (Shropshire), and 
small parts of Gloucester and Wor- 
cester. These argillaceous beds alter- 
nate, indeed, with sandstones, occasion- 
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ally of great thickness. They also contain the greatest quantity of those irre- 
gular courses of mottled red and green earthy limestones termed ‘Comstone/ 
and which, though usually consisting of small concretionary lumps only, 
expand here and th&e into large subcrystalline masses, particularly on 
the western face of the Brown Glee Hills, Shropshire. A higher member 
of the series is composed of grey, red, chocolate, and yellow-coloured, fine- 
grained, micaceous sandstones and flagstones, e, which, in certain tracts, 
are surmounted by pebbly beds and conglomerates, /, as along the encir- 
cling underlying edge of the Great South-Welsh Coal-basin. These last- 
mentioned rocks are as weU exposed in the lofty escarpments of the Fans 
of Carmarthen and Brecon above alluded to, as in the range of the hills 
near Abergavenny on the south bank of the Biver Usk. Similar hard 
sandstones and conglomerates constitute, in like manner, a symmetrical 
girdle around the coal-basin of the Forest of Dean, Gloucestershire (see 
Map), where, and in the gorges of the Wye, as well as in the adjacent and 
much larger basin of South Wales, they are everywhere conformably over- 
lain by the shale and limestone which, in these tracts at least, compose 
the base of the Carboniferous rocks. Occasionally, as under the Carboni- 
ferous escarpment of the Clce Hills, Salop, these upper beds are of yellow 
colours. In short, the above generalized section gives an idea of the 
prevalent distribution of the strata within, and wrapping round, the original 
Siluria. 

Now, whilst in aU that region the only organic remains which have 
been found in this great red and green scries, with the single exception of 
the Crustacean figured on the next page, are fragments of fossil Fishes 
and a few Plants, wo shall presently see that, with mineral conditions to 
a great extent similar, the widely spread Old Bed Sandstone of Scotland, 
which is of equivalent age, has also yielded abundance of Ichthyolites. 
This prevalence of Fishes is in striking contrast to all that has been said 
of the great mass of the contiguous and underlying Silurian rocks, in 
which no trace of a vertebrated creature has been found, except in the 
highest member of the system, which ushers in tlie natural group under 
consideration. 

In Herefordshire and Brecknockshire, as well as in Shropshire, Ichthy- 
olites were formerly described as occurring chiefly in strata where calca- 
reous matter is most difiused,— teeth, hones, and scales of Fishes having 
been often detected in the comstones, though the best specimens have 
been procured in the finely laminated flagstones and marls which are in 
the vicinity of those concretions. The Fishes of this region, which were 
first made known to geologists by the publication of the ‘ Silurian ^stemi 
belong to the genera named (by Agassiz) Cephalaspis, Onchus, and Ptycha- 
canthus; and figures of them, from that work, ^ here repeated in 
Plates XXXVI. & XXXVII. To these the Pteraspides formerly supposed 
to belong to Cephalaspis (Pteraspis Lloydii and Pt. rostratus, figured m tho 



bUitfJiJlA. 


[UHAP. aJ. 


* Silurian System ’) have since been added. Many others mil be noticed 
in describing the Scottish series. 

The lowest Old Red strata in which I had personally observed the re- 
mains of the peculiar Fish Cephalaspis when the firSt edition of this work 
appeared are at the western slope of the Silurian ridge of May Hill *. In 
examining the cuttings of the Ross railroad, near Flaxley, my lamented 
friend Mr. H. E. Strickland t and myself detected a fragment of that 
Ichthyolite in the very bottom beds of the Old Red, which, containing also 
certain land Plants, there lie in apparent conformity upon the uppermost 
Ludlow rocks. 

More recently, indeed, the sections near Ludlow, particularly on the 
right bank of the Teme, have afforded those fresh evidences of a transition 
from the Upper Ludlow into the Lower Old Red which have previously 
been adverted to (p. 139 ), and which render it difficult to draw any arbi- 
trary line (within a few yards at least) as an horizon to separate the two 
formations J. In Shropshire we find, in ascending from the Tilestones into 
the marls and sandstones with concretions of argillaceous limestone (and 
the same phenomenon reoccurs near Kington in Herefordshire), that other 
species of Pteraspis occur, as well as other species of Cephalaspis, and par- 
ticularly C. Lyellii ; and thus we are conducted at once into the great for- 
mation which, in parts of Scotland, also contains the same species. 

In the red ground two miles north 
of Bewdley, near Trimpley, in Wor- 
cestershire, greyish sandy grits and 
comstones rise out in undulations. 

There the comstones are charged 
with Cephalaspis Lyellii and Pter- 
aspis Lloydii, and the underlying grits 
with P. Banksii, Pterygotus Ludcnsis 
and eggs of this Crustacean (Parka de- 
cipiens), &c., with many remains of 
Plants, including the small Lycopo- 
diaceous sporangia (Pachy theca). 

An important addition was not long 
since made to the fauna of the Old 
Red Sandstone of England by the dis- 
covery of a Eurypterus at Rowlestone 
in Brecknockshire, in the lowest portion of those sandstones of the Black 
Mountain, near Hay, which overlie the comstones, c?, of the previous gene- 

• See SiL Bjst. pi. 36. f. 13. sdences of which he was so frreat an ornament, 

t The passage of this portion of the first edition The correction of those pages oy his hand, during 

oftUs work through the press having Ix^en delayed my absence, was one of the lart memorials of a 
until I returned from a tour in Germany, I learned friendship which I truly cherished, 
with OTofound grief, upon my a^val, of the la- J Anotner very interesting section of these 
mentable catMtrophe by which, in examiniiu an- Passage-beds, at Linley in Shropshire, has been 
^herra^oad-cutting, my eminent friend, Mr. H. described by Messrs. G. E. Boberts and J. Ran- 
h. Btnckland, had been taken away from those dall (Quart. Joum. Geol. Soo. voL xix. p. 229). 


Fossils (69). Crustacean prom tub 
Olu Red of Herefohdsiiieb. 



Stylonurus Symondaii (Eurypterus, 
Salter, Quart. Journ. Geol. Soc. vol. xv. 
pi. 1(1. lig. 1) ; from Rowlestone, south of 
the Hay, Breckmxjkahire. 

Tlip CM'phalic sliield of a Crustacean 
allied to Pterygotus. For figures of this 
and other species of Stylonurus, see Mr. 
H. Woodward’s paper in the Quart. 
Journ. Geol Soc. vol. xxi. p. 482. 
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ral section. This unique fossil (Foss. 69 ) was first brought into notice by 
my accomplished fnend the Rev. W. S. Symonds the specimen having 
been found by the Rev. W. Wenman. In the higher portion of this series, 
near Crickhowell, I formerly found the scale of a large Fish (Sil. Syst. 
p. 172 ), since ascertained to belong to Holoptychius. 

Lastly, a new species of the remarkable genus Pterichthjs, Ag., so cha- 
racteristic of the Old Rod of Scotland, has been discovered at Farlow, in 
Shropshire, in a yellow-coloured sandstone, which there occupies the 
highest portion of the formation, rising out from beneath the shale of the 
Carboniferous Limestone of the Titterstone Clee Hill, and graduating down 
into the mass of the red sandstone and subjacent cornstones. This species 
has been described by Sir Philip Egcrton t ; and in the meantime it is well 
to remark that, whilst one form of the genus, which was first detected by 
Hugh Miller, lies in one of the lower beds of Cromarty, another spe- 
cies occurs plentifully at Dura Den in Fifeshire, where it is also in a 
yellow sandstone which has always been classed as the upper member of 
the group. 

When we follow this series of red beds from Shropshire and Hereford- 
shire through Brecknockshire and Carmarthenshire into Pembrokeshire, 
considerable lithological changes are seen to occur. Though the prevailing 
colour in the last-mentioned county is stiU red (the ‘ red rab ’ of Pem- 
broke), some portions of the rocks consist of duU-green and brown flags 
or sandstones, and others of hard grey grits, which even resemble certain 
inferior Silurian deposits ; whilst true cornstone or limestone is rare, as are 
the traces of fossil Fishes. Yet the strata in question, to whatever extent 
attenuated in some tracts or placed unconformably on the Silurian rocks in 
others, occupy the same geological position as in the tracts of England and 
Wales previously mentioned, and lie clearly between the Silurian and Car- 
boniferous rocks +. In fact, few better sections of the Old Red Sandstone 
of Britain, in relation to the rocks beneath and above it, can be offered than 
are exposed around the magnificent landlocked bay of Milford Haven. 
(See Map.) 

We shall presently show the order of succession in rocks of the same age * 
under a different and more slaty aspect on the south side of the Bristol 
Channel, in Devonshire, and indicate that, with a considerable change in 
their composition and a great increase in calcareous mutter, the strata there 
contain many MoUusks and other marine animals unknown in the Siluriaii 
region, and equally distinct from Carboniferous species. 

Let us, however, previously consider the nature of the Old Red Sand- 
stone of Scotland, where, preserving much of the same mineral character 


* See Edin. New Phil. Joum., new ser., vol. vi. 

^?*Ii?a^8equel to apiroer by Professor Morris 
and the late Mr. a. K Eberts on the Cwbom- 
ferous Limestoneand VeUow Sandstone of Oreton 
and Farlow: Quart. Joum. Oeol. Boo. vol. xvui. 
p. 103. 


I The yellowish sandstones which, in Pem- 
brokeshire, form the summit of this group may, 
at least in part, be classed as the base of the Car- 
boniferous rocks ; that is, they are beds of ti^s- 
ition in which Lower Carboniferous fossils have 
been deteoted. 
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as in the parts of England just mentioned, the group is more grandly dis- 
{dajed in the North-eastern Highlands than in any other part of Europe. 

Old Aed Sandstone of Scotland . — ^Dwindling away from its copious de- 
velopment in Brecon, Hereford, and Salop, the Old Bed Sandstone of the 
North of England is, as before stated, little more than a single band of coarse 
conglomerate, a small skirting mass, lying between the Silurian and Car- 
boniferous deposits of the Lake-district of Cufiiberland. This single mem- 
ber, of a series so copious elsewhere, there reposes on the truncated edges 
of the older slaty rocks. 

In Scotland, however, the deposits of this age are more expanded than 
in any part of England and Ireland. Ever since the admirable writings 
of Hugh Miller, and his description of its fossil Fishes, the Old Bed Sand- 
stone has been a name so popular that in North Britain, at least, my 
countrymen, although they admit the truthfulness of the identification of 
the group with the ‘ Devonian ’ of other countries, have naturally clung to 
the long cherished term. 

In the following sketch of the development of the Scottish Old Bed 
Sandstone, I commence with a brief account of it in the countries lying 
between the English border and the great vaUey of the Forth and Clyde. 
Now, although I have myself examined strata of this age at various points 
within this region during bygone years, I am too happy to avail myself 
of the fresh light which has been thrown upon that southern region since 
the last edition of this work by my colleague Mr. Geikie, who has fur- 
nished me with the following valuable notice ; — 

“ In the southern half of Scotland, between the Grampians and the Che- 
viots, the Old Bed Sandstone is abundantly developed. Becent observa- 
tions lead me to regard it as divisible there into three groups, as under : — 
Upper red and yeUow Sandstones and Conglomerates, with 
Holoptychius, Pamphractus, Glyptopomus, Cyclopteris Hibemica, <Sz;c. 
h. Middle series of green, grey, and reddish Sandstones, Flagstones, and 
Conglomerates, with a copious intermingling of contemporaneous vol- 
canic rocks : Pterichthys major in the upper part. c. Lower red, 
chocolate, and grey Sandstones, Flagstones, and Conglomerates, some- 
times with enormous intercalated masses of trappean rocks : Cephalaspis 
Lyellii and Pterygotus Anglicus. 

‘‘ c. The lower group in the Lesmahago district is found passing down 
conformably into the Upper Silurian shales, as already described by Sir B. 
Murchison {ante^ p. 160); and the same passage appears to be traceable in 
the Pentland Hills (6, in the following diagram). This group attains a great 
development between the basin of the Clyde at Lanark and the Ayrshire 
Coal-fields*, reaching a thickness of perhaps 7000 feet. It is well seen at 
the Falls of Clyde, where it consists of dark chocolate-coloured sandstones. 
Bound Tinto it contains masses of trappean conglomerate, which, along with 

^ Se« Quart. Joum. Geol. Soc. vol. zvi. p. 312. 
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interbedded felspathic rocks, extend south-westwards towards the source of 
the Nith. In the valley of the Irvine, at Landne, it consists of a grey mi- 
caceous flagstone, with trappean conglomerates and felspathic traps, and it 
has there yielded some flne specimens of Cephalaspis Lyellii. The Ochil 
Hills belong to this same lower division. They contain a thick series of 
coarse trappean conglomerates and ashy beds, with enormous sheets of 
porphyriticas-nd amygdaloidal felspathic trap. They pass under a set of 
red sandstones containing Parka decipiens *. It is these trappean rocks 
which in a great anticlinal arch are prolonged into the chain of the Sidlaw 
Hills of Forfarshire. In the east of Berwickshire, near Eeston, a group 
of very ashy sandstones and conglomerates is overlain unconformably by 
the Upper Old Bed Sandstone of the Merse. They have yielded fragments 
of plants and Pterygotus, and are probably referable to the Lower Old 
B.ed Sandstone t. 

“ b. The middle group is one which I have only recently detected, and of 
which I do not yet know fully the relations. Perhaps it may eventually 
prove to belong in part to the Lower Old Red series. In the Pentland Hills 
it consists of dull greenish sandstones, greywackes, and conglomerates, with 
ashy beds and very thick sheets of various felspathic rocks, the whole series 
reaching a thickness of many thousand feet. As shown in the accompanying 
section, it rests (c, d) unconformably upon highly inclined Upper Silurian 

W. Sketch Section across the South End op the Pentland Hills. E. 


East Cairn Hills. Carlops. 



a. Upper Silurian shales, sandstones, &c. b. Red sandstones and conglomerates, 
possibly marking the base of the Lower Old Red Sandstone, c. Thick conglomerates 
and grits forming here a Middle division of the Old Red Sandstone, d. Felspathic 
lava- beds interstratified with c. e. Upper Old Red Sandstone. /. Carboniferous sand- 
stones, shales, &c. g. Intrusive greenstone coming up along a line of fault, h. Fault. 
(See also page 159.) 

shales (a), and on the red beds which may there rejiresent the base of the 
Lower Old Red Sandstone (i). Traced south-westward, this series seemed 
to me likewise to overlap unconformably the Lower Old Rod conglome- 
rates and sandstones of the Tinto district. It is covered unconformably 
by the Upper Old Rod Sandstones, the junctions being well seen to the 
south-west of the Pentland range. It thus appears to be a series inter- 
mediate between the upper and the lower zone of the Old Red Sandstone, 
from each of which it is separated by an unconformity. No fossils have 
yet been found in it in this region ; so that it cannot be linked by organic 
remains with the middle series of the North of Scotland, to which, of course, 

i of the 
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it presents no lithological resemblance. More recent observations in Ayr- 
shire, however, lead me to suspect that this middle series is not merely an 
nnconformable upper part of the Lower Old Bed Sandstone, but forms a 
distinct member of the formation. Between the town of Ayr and the Yale 
of Girvan, and stretching eastwards towards Nithsdale, there occurs a 
thick mass of reddish and chocolate-coloured sandstone, with large inter- 
calated sheets of felspathic trap and ashy beds. This series is*comparable 
with that of the Pentland Hills. It rests unconformably on the Silurian 
rocks already described, and on certain red sandstones and conglomerates 
which may represent the Lower Old Bed series ; and as it continues to dip 
steadily northward for ten or fifteen miles, its thickness must be great. It 
is covered unconformably by Lower Carboniferous rocks, there being no 
Upper Old Bed Sandstone in the district. Hear the Heads of Ayr, in a 
hard reddish-grey micaceous sandstone, lying in the upper part of the 
series, abundant plates of Pterichthys major have been found. (See sec- 
tions on pp. 156 & 157.) 

a. The Upper Old Bed Sandstone (e of the section) occurs extensively 
in the eastern division of the southern half of Scotland. It has long been 
known at Dura Den in Fife, where its yellow sandstones have yielded Ho- 
loptychius, Pamphractus, and other Fishes. An outlier of it lies uncon- 
formably on the Lower Old Bed Sandstone at Clashbinnie, in the lower 
part of the basin of the Tay ; and another occurs in a similar position near 
Arbroath. In Haddingtonshire and Berwickshire it consists of a lower 
thick mass of coarse brecciated conglomerate, lying unconformably on the 
Lower Silurian greywacke, and of an upper series of red sandstones and 
marls containing Cyclopteris, Bothriolepis, &c., and passing up into the 
base of the Carboniferous system. 

“ It thus appears that, between the Grampians and the Cheviot Hills, 
what has been called ‘ Old Bed Sandstone ’ consists of three zones : — a lower, 
graduating down into Upper Silurian shales ; a middle, bounded both above 
and below by an unconformablc junction ; and an upper, which shades up 
into the Carboniferous rocks.” 

It is highly satisfactory that the triple division of the Old Bed Sandstone, 
which I established by my observations in the Horth of Scotland, is thus 
supported by a correct survey of the country south of the Grampians. In 
the sequel, proofs will be adduced of a like triple classification of this 
natural group where it assumes the Devonian or more slaty structure. 

Indications of the presence of the uppermost member of the Silurian 
rocks also exist in Forfarshire, and particularly on the flanks of the Sidlaw 
Hills, where the grey paving-stones of Arbroath repose upon clay-slate, 
and contain the Crustacean Pterygotus Anglicus, which appears not to be 
identical with the great Pterygotus of Shropshire* (see pp. 238, 239). 
The following general section over a part of that region is given by Sir C. 

* Qiuirt. Journ. Geol. Boc. toI. rii. p. 169. 
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Ljell in his ‘ Manual of Geology.’ Since this section was made^ great 
additions have been made to our acquaintance with the details of the Old 
Bed series in this part of Scotland. Some years ago, in company with 


Section across tue Old Bed of Forfarshire. 

S.W. N.E. 

Wliiteness. Sidlaw Hills. Strathmore. 



a. Clay-slate, h. Orey paving-stone and tilestone, with green and reddish shale, 
containing Pteiygotus and Parka decipiens ♦. c. Bed conglomerate, d. Bed sand- 
stone, with Ichthyolites &c. g. Bed shale or marl, imconformable to the lower rocks. 

Mr. Powrie, I saw that the mass marked h is, on the eastern or moun- 
tainous side (where it reposes on the crystalline rocks), a very hard and 
grey gritty conglomerate charged with Parka decipiens f. 

Mr. Powrie has since shown that, after great flexures, the lower strata, 
passing under red sandstones and conglomerates, reappear on the east 
coast, their prominent fossiliferous member being the Arbroath flagstones. 
He has, indeed, communicated two interesting memoirs to the Geological 
Society on this subject In the first of these he shows that, east of the 
Grampians, all the old stratified sediments of Forfar which he has ex- 
amined consist of these two divisions only of the Old Bed Sandstone. In 
the second he indicates how their equivalents in Fifeshire are surmounted 
by an Upper Old Bed deposit — ^the yellow sandstone of Dura Den, so cele- 
brated for its numerous and peculiar Ichthyolites. 

It was indeed very gratifying to find that, since the last edition of 
^Siluria’ appeared, both Mr. Powrie and his very skilful coadjutor Mr, 
Page, whose writings on geology are so widely known, had seen fit to 
acknowledge that the lower sandstones and flags of Forfar, with their 
Cephalaspis, Pteraspis, Pterygotus, and Parka decipiens, are, as I had pre- 
viously placed them, inferior to, or older than, the great fish-beds of the 
north, viz. the Caithness Flags. These authors admit, in short, that the 
Lower Old Bed of Boss, Sutherland, and Caithness, which I described 
forty years ago, and of which I treat in the sequel as the base of that 
series, is the true equivalent of the Arbroath paving- stones and the lowest 
Old Bed of Forfarshire §. 

* My valued friend the lato Eev. John Fleming, taole, and that the round covering bodies are 
D.D., who wrote or^nal papers on the organic car^iels or fruits. It is now known as the Parka 
remains of the Old Bed Sandstone, first assured decipiens, and is usually reg^ded as the eggs of 
me that a fruit-like body found in Fifeshire and Crustaceans. See p. 239, ana notes, pp. 288, 239. 
in the Arbroath paving-stones of Forfarshire was t See also Page's ‘ Advanced Text-book of Ge- 
unquestionably a vegetable, and could not be ology.’ 

classed as the egg or a Mollusk as suggested by T Quart. Joum. Geol. Soa vol. xvii. p. 534, and 
Lyell, or as the egg of a Batrachian as more re- vol. rviii. p. 427. 

oently proposed by Mantell. The fhpre which $ Whilst these pages were going through the 
Dr. Fleming gave in the year 1831, Edm. J oumal press, I received from the Natu^ History Sodefy 
of Nat Science, vol. iii. ph 2. f. 5, certainly favoured of Montrose photolithographic representations ofa 
the opinion that it was an aggregate fruit. Since splendid specimen of Pterygotus Anglicus, found 
then he examined both the upper and under sur- in the Lower Old Bed Sandstone of Caimylie, 
faces, and quite satieded himself that it is a recep- Forfarshire. Accompanying the Beport dt the 
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Among the stratigraphical compaiisons which have been made, Professor 
Harkness has shown that between the Bridge of Allan and Callender there 
is an elevated troughrshaped mass of the Old Red Sandstone, in the lower 
portion of which conglomerates, followed by beds containing Cephalaspis 
and Pterichthys, are surmounted by red shale, grey sandstone, &c.* 
Thus we see that in all the southern and central tracts of Scotland the 
lower beds are characterized by the same fossils ; and it wiU presently be 
shown that these beds have a true equivalent in the northernmost counties, 
but are there surmounted by a rich ichthyolitic group, the Caithness Mags, 
which is ill represented in the central or southern counties. 

Again, the classical work of Agassiz on the Possil Pishes of the Old Red 
Sandstone has of late years received valuable additions through the labours 
of Sir P. Egerton, who has rectified the nomenclature by suppressing 
double names applied to the same Pish, and has brought out in relief the 
true typical forms as described by Agassiz, Hugh Miller, M‘Coy, himself, 
and others t. 

Northern Region of the Scottish Old Red Sandstone , — It has already been* 
shown that in one part of the South of Scotland the uppermost Silurian 
rock, with its fossils, is overlain conformably by red shale and sand- 
stone (p. 161) J. Such an Upper Silurian basis is, however, wanting in the 
Northern Highlands ; and the reason is obvious. We now know that rocks 
of Lower Silurian age, associated with, and reposing on, old Cambrian con- 
glomerates, have there been metamorphosed into a crystalline state, and 
that a great change of the crust took place in the former outline of land 
and sea, in consequence of which, as we have every reason to think, no 
Upper Silurian sediment was ever accumulated. 

To determine, however, with precision the extent to which those crys- 
talline Highland rocks, whether quartzose, gneissose, micaceous, or 
chloritic, with subordinate limestones, may represent various Silurian 
subformations must still be a work of long labour. In the meantime it 
is clear that, ranging south-west from Sutherlandshire into Ross-shire, 
they constitute in Loch Alsh and Kintail that lofty and steep watershed so 
near to the west coast of the Highlands, the strata of which, dipping 
rapidly to the E.S.E., are, after numerous undulations, transgressively 
surmounted by the lower member of the Old Red Sandstone of the eastern 
counties (see the section at p. 169). 

Wherever these two great systems of metamorphosed Lower Silurian 
rocks and the overlying Old Red Sandstone are in contact, the direction 
of the one is completely discordant with that of the other. Thus, whether 

Director of the Montrose Society are extracts bottom-beds, and probably represents a portion 
from a description of the Basin of Montrose, by of the Caithness Flags, 
the BeT. Hugh Mitchell, with figures of the pe- * Quart Joum. G-eol. Soc. rol. xviii. p. 258. 
ouliar Fishes of a band of the Old Bed Sandstone t Bee Quart Joum. Oeol. Boc. vol. xri. p. 119 

of Forfarshire, vis. Farezus inourvus, Agass., &o. 

Buthaouithus MacHicoli, Powrie, ClimatiuB un- J See also Quart Joum Oeol. Soo. vol. yii. 
oinatostBfferton (Quart. Joum. Geol. Boo. vol.zz. p. 168 ; vol. viii. p. 386. 
p. 423 ko^. This band is above the Arbroath or 
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the older system be viewed in the western part of Sutherland and Boss, 
where Hmestones are intercalated in quartzites, or in the eastern tracts of 
those counties, where gneissose and micaceous schists prevail, the strike 
which is most frequent is seen to be from N.N,E, to S.8, W,, the dominant 
dip being to the E.S.E. The Old Bed conglomerate of the east coast is, 
on the contrary, thrown off the promontories of the older system in devious 
directions, the prevailing dip in Caithness being to the N. of E. (and even 
N.N.E.), inthe northern part of Eoss-shire to the S.S.E., and on the south 
side of the Murray Frith again to the N.N.E. A complete unconformity, 
in short, is everywhere observable, independent of the fact that the 
younger deposit is literally made up of the debris of whatever portion of 
the older it happens to rest upon. In this way we observe that in one 
spot the conglomerate is chiefly made up of quartz-rock ; in another, of 
mica-schist ; in a third, of gneiss ; in a fourth, of granite ; and occasionally 
of all these and other varieties of the older system mixed together. 

Then, again, nothing can be more dissimilar than the physical outlines 
of these two rock-systems. "Whilst the quartzo-micaceous, crystalline 
rocks resemble in outward form a tumultuous sea, the observer who stands 
on the conglomerate which lies on their eastern edges sees beneath him, 
to the east, the highly contrasting outline of soft undulations which, in 
the low. countries of Caithness, Easter Boss, Inverness, Naim, and Elgin, 
dip gradually away to the seaboard. So strong is this contrast, that the 
geographer unacquainted with geological science would at once say that 
these two rock-systems belonged to very different epochs in the history of 
the earth’s crust. 

In no tract of Britain, indeed, is there so clear a succession of the 
whole group of the Old Eed Sandstone, properly so called, as that which 
is exposed on the north-eastern shores of Scotland. This order is espe- 
cially well seen when the observer, having made himself well acquainted 
with the copious lower conglomerates and sandstones which fringe the 
crystalline rocks of Elgin, Naim, Inverness, and Eoss-shire, passes 
through Sutherland into Caithness and the Orkney Islands. This last is 
the region selected thirty years ago by Professor Sedgwick and myself* 
as affording what we then conceived to be the clearest example of the 
extended features of that great group of the British series with which we 
long afterwards compared, as an equivalent in time, the slaty rocks, schists, 
sandstones, and limestones of Devonshire. (See pp. 271 &c.) Having 
twice revisited the north-east coast of Scotland since the first edition of 
this work was published, and having been confirmed in my former views 
concerning the general physical succession of the masses, a brief sketch of 
the leading phenomena is now given. This rimmS is the more called for, as 
geologists who have never examined this north-eastern region, and have been 

Trans. G-eol. Boo. Lond., 2nd ser., toI. iii. p. 125, with map of the Highlands, sections, and senne 
figures of the Caithness Pishes. 
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disposed to consider the Old Bed Sandstone a kind of local formation 
only, have been unwilling to regard it as the foil equivalent in time 
of the Devonian rocks of other countries. 

The massive conglomerates and intercalated red sandstones of the north- 
east coast, which occupy a great thickness of strata in Easter Boss, Cro- 
marty, the Black Isle, and adjacent parts of Inverness-shire, and which, 
flanking the Oolitic tracts of Dunrobin and Brora, range northwards from 
Sutherland into Caithness, are very distinct in mineral character and rela- 
tions from the ancient Cambrian conglomerates and grits of the west coast. 
Whilst the latter underlie aU those quartzites and limestones which are 
now known to be of Lower Silurian age, the great pebble- and boulder-beds 
of the east coast and its inland recesses never assume the subcrystaUine 
character of some of the western masses. On the contrary, they overlap 
all such rocks ; and, often containing gigantic boulders, invariably derived 
from some adjacent crystalline rock, they graduate into, and alternate with, 
masses of grit and sandstones as sectile and as well fitted for building- 
purposes as many freestones in the British Isles. Indeed, at places, the 
red sandstone associated with the conglomerate assumes so variegated a 
character, with green spots and stripes, or earthy concretions, that, in 
early days, German geologists, unac(|uamted with the exact relations of 
the deposit, and judging from mineral characters only, would have referred 
such rocks to the ‘ Bunter Sandstein.’ 

The reader who desires to become better acquainted with the different 
varieties of such conglomerates and sandstones may peruse the descriptions 
given of them by Jameson, Bone, and the earlier writers, as well as by 
M^CuUoch, Sedgwick, and myself. 

Among* the various authors who have described them, the lamented 
Hugh Miller stands preeminent. Born upon the Old Bed Sandstone of 
Cromarty*, he has shed a bright lustre over this deposit of his native 
tract, and has expounded with a surprising sagacity the wonderful organ- 
ization of many of its fossil Pishes, and thrown the clear light of zoology 
upon these old pages of geological history. 

The term Old Bed Sandstone having thus been rendered classical, the 
name may well be retained as a synonym for the great group, of inter- 
mediate age between the Silurian rocks beneath and the Carboniferous 
formation above it, which, in those countries where it assumes more cal- 
careous, schistose, and slaty characters, is termed ‘ Devonian.’ 

Among the older crystalline rocks which, rolling over from the west, 
constitute the masses oUt of which the red sandstone and conglomerate 

^ See Hugh Miller's remar^ble work. *The the adjoining property of Bed Oastle, varieties of 
Old Red Sandstone/ in the dedication of which to the bimding-stone have long been qnarried. Boss* 
myself he alludes to our both being bom upon shire now affords, indeed, so many quarries of 
^ Old Bed Sandstone. In physic^ geography, building-stone, both light and dark red, and 
^<marty, the birthplace of Miller, forms a part sometimes ribboned or spotted, that in proceeding 
rathe peninsula of Boss-shire known as the Mull- from Inverness to Sutherlandshire by DingwaU 
or the Black Isle, in which my paternal and Tain the traveller has ample evidence or the 
estate of Taradale is situated, and where, as in varied nature of the rook. 
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of the east coast have been formed, mica-schists 
prevail in Easter Ross ; whilst as we proceed 
northwards into Sutherland, particularly in the 
ScarabinHiUs, quartz-rocks predominate. Now 
the quartzites of these mountains present just 
the same bedding, and alternate with schists, as 
in the western parts of the country, where the 
Lower Silurian fossils have been discovered. 
Thus, in descending from the Scarabins to- 
wards the sea, we meet with a regular suc- 
cession of crystalline or subcrystalline, light- 
coloured, thin-bedded quartzites with argil- 
laceous wayboards, and presenting all the 
aspect of a sedimentary origin, which, rising 
at high angles to the summits, are followed on 
their eastern flanks by other siliceous courses 
(some micaceous), of various colours from 
dull purple-brown to grey. At certain spots 
those quartzose rocks arc broken up and pene- 
trated by granite. It is upon the edges of 
those rocks, as ranging from the Ord of Caith- 
ness by the Scarabins to the Morvein Hill, that 
the base of the Old Red series of Caithness 
rests, the conglomerates composing the last- 
mentioned of these mountains occasionally 
rising, along this fringe only (as Hugh Miller 
has well remarked), to higher altitudes than 
the older crystalline rocks. 

Let us now consider the overlying series in 
a true ascending order, by proceeding from 
the inferior red sandstones and conglomerates, 
through the central masses of dark-grey flag- 
stones and schists, to the higher sandstones 
which stand out in the northern headlands of 
Caithness and the Orkney Islands. The ac- 
companying diagram indicates this succession 
in a general and compendious manner, the 
many detailed flexures and breaks in the strata 
being omitted. 

In describing the different parts of the 
lowest member of the Old Red Sandstone, it 
would be superfluous to enumerate aU the ex- 
amples of splendid and massive conglomerates 


and sandstones, particularly those of Easter Ross, which, reposing on the 
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orystallme rocks of Ben Wjvis and other mountains^ constitute the base of 
this series. Exhibitions of such rocks may be seen in the Hills of Itfoy near 
Brahan Castle, and again in ascending the Orron, Connan, and Alness 
Bivers ; and they range thence eastwards all along the southern flanks of 
Ben Wyvis and its associated mountains, and, traversing the Kyles of Dor- 
noch, extend through the eastern parts of Sutherland into Caithness. 

On this coast, beginning at the north side of the mouth of the Beauley 
Loch, there is a most splendid exhibition of the coarsest of these conglo- 
merates, chiefly made up of granite and gneiss, on the shore between Kes- 
sock Kerry and the House of Drynie, and along the mouth of Hunlochy, 
particularly at the point called Craigie How. Thenceforward to the north 
they appear at intervals, and are exhibited at Ben-a-Bhraggie, close to 
Dunrobin, and in the ridge extending to Golspie and the Ord of Caithness, 
and there forming the base on which the Oolitic deposits of Brora are 
deposited, as described by me in 1826 

In Boss-shire the banks of the Elver Alness, particularly near Ardross 
Castle, the seat of Mr. A. Matheson, M.P., exhibit intercalated masses of 
the red oxide of iron, amid conglomerates and sandstones. Other splendid 
examples of such conglomerates are seen in the deep narrow gorge in 
which the Alt Grant flows. It is in these beds, particularly near Mount 
Gerald, that the bituminous mineral called Albertite has been found, appa- 
rently in lines of joint, and also at several places along the south-eastern 
flank of Ben Nevis, and in the associated schists of Strathpefier. This 
Albertite has possibly been derived from the conversion of the Fishes and 
associated marine Plants of the deposit into bitumen, which, exuding from 
the beds, has flowed into the chinks and vertical fissures of the rock, and 
has there been indurated. The tenuity of these linings of the joints 
renders it highly improbable that this mineral will ever be found in suffi- 
cient quantity to render it of commercial value, like tho Albertite of New 
Brunswick. 

Though in many of these localities, particularly in Boss-shire, these 
conglomerates are of vastly greater dimensions than in their extension into 
Caithness, there is no tract in which their relation to the overlying richly 
fossiliferous deposits is so well seen ; and hence the section selected as a 
type is that which proceeds from the maritime promontory called the Ord 
of Caithness, where granite has been powerfully intruded among the older 
rocks. There, and in the recesses extending south-westward from Brae- 
more along the edges of the quartz-rocks of the Scarabin Hills, are ex- 
posed fine masses of conglomerate and sandstone dipping north-eastwards 
at a low angle. The same conglomerates form, in fact, the inland girdle 
of Caithness, rising up on the west from beneath the great flagstones of 
that low undulating country, and separating those strata, so replete with 
fossil Fishes, from the above-mentioned crystalline rocks. 

* Traiuk Geol. Boo., 2nd lorief, toI. ii. p. 293. 
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Let the geologist proceed northwards from the edge of the crystalline 
rocks, and he will clearly see, first, that the lowest strata of conglomerate 
and red sandstone, as made up of the crystalline rocks, alternate with, and 
pass into, deep-coloured, thin-bedded, micaceous red sandstones, as in the 
CHfFs of Trefad and the Old Man of the Ord, which constitute the natural 
and conformable base of the flagstone series of Caithness. 

In order to convey to the reader some notion of the natural features of 
the lower portion only of this flne succession, a small sketch is annexed, as 
taken from the footpath on the northern side of the Ord, at a spot called 
Badna Bac. 



View of the Old Red Succession, from near the Ord of Caithness. 


The foreground is made up of the rude conglomerate, a of the section at p. 266, 
here chiefly composed of huge blocks of granite (the nearest rock, and of which 
the hut is built), though other smaller materials are of quartz-rock and mica- 
schist. This bottom rock of the series is followed by deep-red sandstones, which 
occupy the next headland, known as the Man of the Ord, h of the diagram ; 
whilst all these strata, inclining to the north, pass beneath the flagstones of Caith- 
ness, which occupy the distant low headlands (c, of the long section, p. 266). 
(See description by Sedgwick and myself, Trans. Geol. Soc. 2 ser. vol. iii. p. 139.) 

It would be a difficult task to endeavour to assign an average thickness 
to the accumulations of sandstone and conglomerate (the sandy beds being 
sometimes the lowest) that constitute the lowest member of this group, 
since it is in the very nature of pebbly accumulations which were formed 
either on coasts or in bays washed by the waves of a former sea to present 
the most variable dimensions. Independently of the conglomerates, and the 
associated sandstones, often very finely laminated, these deposits must have 
occupied a long lapse of time in their accumulation. Since the last edition 
of this work, an important confirmation of my view respecting these lower 
sandstones being the equivalents of the Arbroath beds, or the lowest Old Bed 
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of Scotland, has been made by Mr. Charles Peach. That successM fossilist 
detected in strata near Lybster, much older than the Caithness flags, 
the remains of a portion of a Pteraspis, — an Ichthyolite never yet found 
above the lowest of the three divisions of the Old Eed Sandstone. 

The red sandstone of this lowest zone, assuming gradually a flag-like 
character, and becoming of a purplish tint, passes up by other beds, c, into 
those grey-coloured flagstones which, forming a large portion of the county 
of Caithness, are so well known to geologists through the description of 
their imbedded fossil remains by Agassiz and Hugh Miller. Prom the 
environs of Lybster, where the strata {d of the diagram at p. 265) begin 
to contain fossil Pishes, these flagstones present a general uniformity 
in their lithological characters ; and, though here and there so calcareous 
as to have been in parts formerly burnt for lime, they are, on the whole, 
to be regarded as a great series of hard, argiUo-siliceous beds of great 
tenacity, in which, within the last forty years, large and valuable quarries 
have been opened out. 

The most satisfactory study of these flagstones, from their lower members 
near Dunbeath to their central parts at Wick, and thence to their highest 
strata on the shores of the Pentland Frith, where they pass up into, and 
are covered by, the upper red sandstones of Dunnet Head, is to be made in the 
precipitous coast cliffs, which, abraded by the surges of the ocean, exhibit 
many remarkable small bays and headlands, on the sides of which the 
hard flagstones present their rough and jagged edges*. The thickest 
beds, near Wick, are from 14 to 15 inches thick, and, when quarried for 
building-purposes, occasionally furnish blocks of 20 feet in length, which 
are of great tenacity and durability. In some of the calcareous courses 
Mr. C. Peach has discovered that the fragments of fossil Pishes have in 
certain spots been ground down to a powder, which constitutes a large 
portion of the matrix of the rock. 

Many of the beds are so bituminous, owing to the quantity of animal 
matter they contain, that even when described by me in 1826 they were 
termed the ‘ bituminous schists ’ of Caithness, bitumen being seen to exude 
naturally from themf. Having obtained specimens from near Barro- 
gill Castle, collected by Mr. Peach, I submitted them to analysis by Dr. 
Hofmann, who, according to the report given in the Appendix C, attaches 
considerable value to this mineral if it be obtainable in sufiicient masses. 
Now, as it has been found profitable to distil ‘stone-oil,’ or petroleum J, 
from beds of Secondary age charged with fossil Pishes, in high recesses of 
the Alps, we may certainly infer that these Palaeozoic strata lying so near 
the sea may yield so much bitumen that, in consequence of it and the 

* Not having peraonally examined all the coast These features are not represented in the general 
between Wick and Latheron Wheel, I requested section, p. 265. 

Mr. C. Peach to do so; and he detected ^e ex- t See Trans. Geol. Boo. Lend., 2nd ser., toI. ii. 
istenoe of an axis at Sarelet, by which oonglo- p. 314. 

mer^B are again broiuht up, anii are thrown off J Bee my pimer on the Bituminous Schists of 
to the South and to the North, thus passing on Beefeld, Proc. Geol. Boo. Loud. vol. i. p. 39. 
either side under the fish-bearing flagstones. 
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largely increasing demand for its valuable flagstones, the hard and sterile 
parts of Caithness may become a well-peopled and industrial tract. . 

Besides fossil Fishes, the Caithness flagstones contain innumerable shells 
of Estheria (a small bivalved Crustacean) and numerous fossil Plants ; and 
these organic remains will presently be considered 

Continuing to trace the ascending order of the Old Bed Sandstone series 
of Caithness into the Orkney Islands, it is to be noted that the flagstones, 
usually of a dark-grey colour, but hero and there of a purplish tint, gra- 
duate upwards into those higher light-red and yellow sandstones and grits 
which, constituting the northernmost point of the mainland, Dunnet Head, 
are again seen at Hoy Head and in many parts of the Orkney and Shet- 
land Islands, where they occupy a similar relative position. Some of these 
upper sandstones (e, p. 255), into which there is a perfect transition from 
the harder flagstones, might in hand-specimens often be mistaken for the 
bods which underlie the Caithness flags, both in colour and composition. 
Others are light-coloured, yellowish, fine-grained freestones, notably in 
the Isles of Pomona, Shapinsha, and Eda. In these upper sandstones 
Land Plants prevail, particularly in the Shetland Isles ; and according 
to Dr. Hooker they are referable to Calamites, generically resembling, but 
of species differing from, the forms known in the Carboniferous rockst. 

Seeing that there is no sign in this northern region of a further passage 
upwards into any strata which can be classed as Carboniferous, the triple 
subdivision of the Old Red Sandstone which I have long recognized is 
adhered to. The equivalents of this great series will afterwards be noted 
in other parts of the world, and especially in Russia, where strata occupying 
the same place in the general series of deposits are found to contain the 
Mollusca of Devonshire commingled with the Ichthyolites of Scotland. 

The same succession, from lower conglomerate and sandstone to over- 
lying Fish-beds, which occurs at Dunnet Head and the Orkney Islands is 
exhibited between the interior crystalline rocks and the coast in the counties 
of Inverness, Nairn, Elgin, and Banff ; but in this range the Upper Old 
Bed is wanting J. 

The extent to which the variation of the lithological characters of the 
deposits in their range southwards has affected the distribution of the 
organic remains is explained in the sequel. 

Animal Remains of the Old Red Sandstone , — When Agassiz completed 
his. remarkable analysis and history of the fossil Fishes of this deposit, the 
number of species enumerated from Britain alone amoimted to sixty-five ; 
and this number has since been augmented. Referring the student to 


* The most extensive quarries are situated a 
few miles east of Thurso, having been o^en^ wt 
upon a very large scale by Mr. G. Traill, M.P., 
of Castle Bull. The flagstones are occasionally of 
ngantio dimensionB, and often present oasts of 
Pumta upon their surface. 

t See Quart. Joum. Geol. Soo. Lond. vol. ix. 
p. 49, and fhrther on, p. 271. 


I The late Lady Gordon Cummii^, of Altyre, 
was the discoverer of many of these xosail rushes ; 
and the exquisite manner in which that aooom> 
plished lady and her eldest daughter sketched 
and oo'oured them is duly recorded in the j^es 
of Agassiz’s classic work. (See Poissons du vieu 
Gr^s Rouge, posstwi.) 
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that monograph, as weU as to the fervid writings of Hugh Miller and to 
the memoirs by Egerton and Huxley, let us now, mentioning some of the 
principal types, endeavour to determine the order in which these Ichthyo- 
lites appear geologically, or in the successive layers of this group of rocks. 

It has been shown (p. 133 et seq,) that along the frontier of the Silurian 
rocks in Shropshire and Herefordshire, where a true mineral transition is 
seen to take place between the Upper Ludlow rock and the base of the 
Old Eed Sandstone, there is also a gradual passage from the fossil Fishes 
of the one to those of the other. Thus, even beneath the lowest of the 
Bone-beds of the Upper Ludlow rock we have Pteraspis, and, again, in the 
chief Bone-bed Plectrodus mirabilis and Onchus Murchisoni, associated 
with Pterygoti and many Shells known in the beds below. In ascending 
to a higher stratum most of those mollusks disappear ; and, although the 
same Onchus is still found, we first meet with two species of the genus 
Cephalaspis added to Pteraspis in those strata which begin to assume the 
lithological characters of the Old Red Sandstone. In a word, the Tile- 
stones, or beds of passage, considered in a broad sense, possess at their 
base a Shell or two and a Fish-defence, with Crustacea of the Upper 
Ludlow rock, and in their upper parts, which begin to graduate into corn- 
stones, we first find the characteristic Fishes of the Old Red Sandstone. 
It follows, therefore, that as the grey, flag-like strata which pass up into 
reddish beds may cither be viewed as the termination of the Silurian or 
the commencement of the Old Red, the genera Cephalaspis and Pteraspis 
are typical both of the uppermost Silurian and the lowest zone of the Old 
Red or Devonian group ; in truth, as we now know that the variegated 
concretions called cornstones are traceable down to within a very few feet 
of those transition-beds, and as Cephalaspis Lyellii, PI. XXXYI. f. 1-8, 
and two species of Pteraspis, ib. f . 9 & 10, abound in them, there can no 
longer be any doubt on this point. For a popular acquaintance with the 
oldest recognized IchthyoHtes of the Old Red Sandstone, the reader is 
referred to the figures in Plates XXXYI. & XXX YII. 

In adopting this view, we remove one of the difficulties which was pre- 
sented to the mind of Hugh Miller, in his endeavour to determine the 
order in which the different Ichthyolites of the Old Red Sandstone of Scot- 
land successively made their oppearance. Grouping the Caithness flagstones 
in the lower division, and unable, on the one hand, to detect a Cephalaspis 
in them, or on the other to find the Fishes of his north-eastern tracts in 
the central parts of Scotland, he was naturally induced to suggest that the 
beds with Cephalaspis ♦ would be found to lie above the fish-beds of Cro- 

* In formerly adopting the belief that the com- mit of the Ludlow rook. Acain, it waa formerly 
stones with Cephalasins generally represented the believed that a Dmiems (a marked Caithness 
middle be^ of the Old Bed Sandstone, Hugh genus) had been found in the Upper Ludlow 
Miller was quite justified; for it was then sux>- rook. This was a mistake in the original * Silurian 
po«ed, even by myself, that these concretions oc- System ; * for in no subsequent researches has the 
oupied the central p^ of the group ; whilst we smallest fragment of a Dipterus been detected in 
now know that their inferior portion actually the bone-bed of the Upper Ludlow rook, 
graduates downwards into the Tilestones and sum- 
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marty and Caithness. On looking, however, to the physical order of the 
masses in that northern region (section, p. 256), we see that this view can- 
not be retained ; for the bituminous schists of Caithness are comparatively 
high in the series, and, resting upon a great thickness of sandstone and 
conglomerate (a, h, c), are overlain by the upper zone of the group only. 
According to my view, therefore, as founded upon a clear order of infrapo- 
sition, and also on the occurrence of a Pteraspis, the conglomerates and 
sandstones which underlie the flagstones of Caithness (a, 6, of section, 
p. 255) are clearly the equivalents in time of the lower comstone strata of 
England. This rectifleation is of considerable importance, since good geo- 
logical text-books, until very recently, following Hugh Miller, have placed 
the Caithness Flags in the lowest division of the Old Bed Sandstone*. 

We may also, indeed, clearly infer that although the Arbroath paving- 
stones, with their Pterygoti, do not represent the uppermost Ludlow rocks, 
still it follows that the Cophalaspis-beds of Forfarshire must fall into the 
lower division of the Old Bed group. 

In Shropshire and Herefordshire the true base of the Old Bed Sand- 
stone, properly so called, is a red rock containing Cephalaspis and Pte- 
raspis (see pp. 141, 244 et seq.) and gradually passing down into the grey 
Ludlow rock ; and in both of these contiguous and united strata, remains 
of large Pterygoti are found, but of different species in the two bands. 
Now, although the Arbroath pa\ing-stone and the grey rocks ranging to 
the north of Dundee much r^'semblc lithologically the uppermost Ludlow 
rock, they contain the Cephalaspis Lyellii, with another kindred species, 
and are therefore to be classed with the Devonian rocks, though they 
must, under all circumstances, be viewed as at or near the base of that 
natural group f. In speaking of the oldest member of the Old Bed Sand- 
stone as characterized by the Cephalaspis Lyellii, I repeat my conviction 
that, in the North-eastern Highlands and Caithness, this lower zone is 
represented by the vast thickness of thin-bedded red sandstone and con- 
glomerates with Pteraspis which has already been adverted to as lying 
beneath the Caithness flags. (See Quart. Jourii. Geol. Soc. vol. xiv. 


p. 503.) 

In the autumn of 1859 I examined the eastern flank of the Grampians 
with Mr. Powrie, having previously suiweyed the coast of Forfar ; I then 
satisfied myself, by finding the Parka decipiens in schists subordinate to 


* In the last or 6th edition of the Elements of 
Geology, p. 527, Sir Charles Lyell has admitted 
the vdidity of my view. -o • • -u * 

t In a communication made to the Britiah Aa- 
Bociation at Leeds, in 1B5D, Mr. D. Page offered 
some “ Further Contributions to the Palaeontology 
of the Tilestones, or Silurio- Devonian strata of 
Scotland." Ho confirmed 

pp. 160 ei aeq.) that the Lanarkshire bhick schists 
are Upper Hllnrian, and added many 
lected by Mr. Slimon, viz. Pterine^ Orthonota, 
Nucula.ivioula, Spirorbi8,&c., together with new 
forms of Btylonuma, a Crustaeean Jo 
rypterns, alf of which sustain I for- 

merly arrived at. The paving-atoue of Forfar- 


shire zone, which I consider to be higher in^e 
series, and the true baw* of the Old Red or De- 
vonian, has been enriched, throng the labours 
of Mr. Page and Mr. Powrie, by the addition of 
two new Crustaceans, Stvlouurus and Cam^caris, 
and by the discovery of parts of the lohtnyobte 
Cephalaspis Lyellii, and of another fine species, 
as well as many fish-spines &e. The term ‘ Tile- 
stones,’ for which I have substituted ‘Passage- 
beds,’ cannoW therefore, bo made to include both 
the block schists of Lanarkshire (which are un- 
questionably Upper Silurian) and the Arbroath 
paving-stones (which must be regarded as the 
basement-beds of the Old Bed). 
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ooaise conglomerates on the sides of the mountain of clay-slate which 
flanks the Grampians, that these bedsiformed a passage into the Lower Old 
Bed or Cephalaspis flagstones which undulate oyer Eorfarshire and are 
surmounted by other red sandstones. 

In Banfi^hire, in 1859, 1 visited the banks of the Spey, and also Tynet 
Bum, where, through the kindness of Mr. Alexander Simpson, of HoU, I 
obtained a collection of fossil Pishes of the genera Pterichthys, Coccosteus, 
Glyptolepis, Osteolepis, Cheiracanthus, Diplacanthus, &c. As these are 
forms also known in Caithness, it is interesting to observe that the strata 
at Tynet lie far above the great mass of lowest Old Red Sandstone ; they 
are, in fact, like the Gamrio Ichthyolites, in the central zone of the group. 

Fossils (70). Old Red Sandstone Fishes. 

1 


1. Underside of Pterichthys comutus, Agassiz, from Morayshire. 

(See the striking description of this Ichthyolite by its discoverer, Hugh Miller, 
in his ‘ Old Red Sandstone,’ p. 46.) 




2, Coccosteus decipiens, Agassiz, somewhat restored. 

(A perfectly restored head of this Fish is given in Mr. Miller’s eloquent work, 
the ‘ Footprints of the Creator,’ p. 50. Edinburgh, 1850.) 

The bituminous flagstones of Caithness and the Orkneys being thus con- 
sidered the central portion of this geological group, we may endeavour to 
see if there be any cause which may serve to explain why their imbedded 
Ichthyolites, so abundant in the north, should be so rare in the central and 
southern parts of Scotland. The explanation, it seems to me, is given in 
the fact that, as we proceed from north to south, the bituminous and cal- 
careous schists and flagstones so thin out that already in Naim and Elgin, 
and still more at Gamrie, in Banff, such beds are represented by clays with 
nodules only, and that further southwards even these are no longer trace- 
able in the central portion of the sandstones.* The condition, therefore, of 
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the northern seas of Devonian age, and the sediments therein aocumnlated, 
must be considered to have specially favoured the life of certain Fishes, 
whose remains are not to be detected when we pass into more southern 
tracts, where such conditions no longer prevailed. 

In the central zone of Caithness and Orkney, and its diminished equiva- 
lents in Cromarty, Naim, Elgin, and Banff, are found many species of the 
following genera of Agassiz, viz. Pterichthys, Coccosteus,Cheiracanthu8, 
Diplacanthus, Cheirolepis, Dipterus, Osteolepis, Diplopterus, and Plafygna- 
thus ♦. 

Two of the most peculiar of these forms, Pterichthys (including Pam- 
phractus) and Coccosteus, when first found, appeared so unlike Fishes that 
all the skill of Agassiz was required to refer them to that class. 

Coccosteus decipiens, which is here represented, was first put together 
with consummate talent by Hugh Miller, from several of its detached 
fragments which that ingenious philosopher collected on the shore of Cro- 
marty. 

The other genera above mentioned have more obvious piscine cha- 
racters. These characters are apparent even in fragments of those fossils 
which were first published by Sedgwick and myself* from the flagstones of 
Caithness, — such, for example, as Diptems and Osteolepis, first described 
by Cuvier at my own request. Another of these Fishes is hero represented. 


Fossils ( 71 ). Cakoid Fish op the Old Red Sandstone. 



Dipterus macrolepidotus, Ag., of the black schists of Caithness. From a specimen in 
the cabinet of Sir Philip de M. Grey Egorton, Bart. 

This figure of a specimen in Sir P. Egerton’s cabinet is more correct 
than that given in my first edition. The extra anal fin supposed to exist 
in this genus and some allied forms is not seen in this specimen, which 
shows the ordinary arrangement of a pair of pectoral and a pair of i^n- 
tral fins, with a single anal fin in advance of the great caudal appendage. 
Such, no doubt, is the true structure of Dipterus and Diplopterus, which 
were predaceous Ganoids of the Sauroid family. Their forms, though of 
great breadth in proportion to their depth (something like that of the 
Gurnard of our coasts), were compact and graceful. 

The breadth and depression of the head in these fishes is well seen in 

* These Caithness Fishes were first noticed in and myself, Trans. Q-eol. Boo., 2nd ser., vol. iii. 
1836, in my memoir on the Coal of Brora in p. 142, pis. 16, 10, 17. They were partially de- 
Butherlandshire, Trans. Geol. Soo., n. s., vol. ii. scribed and named by Cuvier, who compared them 
p. 814 ; and were afterwards placed in their proper with the Lepidooteus. 

1 itnuifinn. in 1R97. hr Prnfnsfinr 8ertorwii*lr 
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the fitubjoined small woodcut^ which exhibits the frontal portion of the 

cranium of Diploptems borealis ♦. The jet-like lustre of some of the 

Caithness and Orkney Ichthyolites and the 

blackish-purple and dark-blue colours of « Fossils (72). 
uxoujwioii «xxix Cranial Bone op Diploptbrus. 

others, make them very conspicuous objects 
in the grey flagstone. 

The central or Caithness flags near Wick 
have also afforded, to the researches of Mr. 

C. Peach and others, forms which, resem- 
bling shells, have been spoken of as such ; 
but they are now shown by Professor 
Eupert Jones to bo the bivalve carapaces 

of the Crustacean genus Estheriaf. E. of Diploptorus borealis. From 
membranacea, Pacht, abounds in the flag- of Strom- 

stones of Caithness, and is plentiful also 
in the Devonian sandstones of Livonia. 

The bituminous schists of the North of Scotland thinning out in their 
range southwards, the next member of the series in the central parts of 
Scotland is specially characterized by other Ichthyolites. It is, however, 
to be observed that the central group of Ichthyolites, which specially cha- 
racterizes the bituminous flags of Caithness and the Orkney Islands, is found 
at various places as we proceed southwards along the east coast of Scotland. 
Thus, at Edderton, in Eoss-shire, the Eev. J. M. Joass has discovered in 
red sandstone a considerable number of the genera. Traces of the same 
Fishes have been found in the Black Isle ; and Hugh Miller has described 
them from near Cromarty. They are seen at intervals in Inverness-shire, 
Nairnshire, and Morayshire J, and reappear on the banks of the Spey near 

* From a sweimen found by Dr. Hamilton of Council, until Agaasiz, the great authority on 
Btromness. For the entire cranium see Hugh Ichthyolites, shoiud have determined the speciflo 
Miller's Footprints of the Creator, p. 58. He characters of those fossils. In the meantime an 
particularlv refers to the small central plate in abstract, giving the main features of the la- 
the frontal bone as common to most of the Ga- hours of Malcolmson, was published (Prooeed- 
noids of the Old Bed. ings Geol. Soc. Lond. vol. iii. p. ^41) ; and shortly 

t Monoprajih of the Fossil Fstherias, Palaeon- afterwards that accomplished man, having re- 
to^ph. Soc. 1862. turned to India, fell a victim to his zeal in pnr- 

i Already in 1828 Professor Sedgwick and my- suing geological researches in the jungles or the 
self united into one geological group the lower Bonibay Presidency. Subsequently, in 1859, the 
red conglomerate and sandstone, intt^rvening com- substance of tliis memoir, with its illustrative sec- 
stones, and the yellow fish-bearing sandstones of tions, was published in the Edinburgh New Phil. 
Elgin. We further showed that tn<; fish-bearing Journal (January, 1859), by the Bev. G. Gordon, 
zone of Caithness was traceable to the south-east and in the Quai^ Joum. Geol. Soc. London, 
of iRveraess as a thin course of shale, though we vol. xv. p. 3.36. Dr. Gordon has well illustrated 
there detected no Fishes in it. (Trans. Geol. Soc., all the fish-beari:^ strata around Elgin which be- 
2nd ser., vol. iii. pp. 147, 150 et teq.') long to the Old Bed Sandstone, as well as those 

The remains or Fishes were not discovered until overlying sandstones which I now refer to the age 
nine or ten years afterwards, —first, I believe, by of the Tnai^ as wiU be presently explained, 
the zeal of the late Dr. J. Malcolmson. Lady In mentioning those persons who, in addition 
Gordon Cumming, so well known to the readers to Hugh Miller, Malcolmson, and others, have 
of the works of Agassiz and Hugh Miller, followed done such good g(‘olqgioal service on the north- 
up these researches. Dr. Ma^lmson, when on east coast of Scotland, 1 am bound to go as far 
leave of absence from the East Indies, detected back even as my own earliest researches of 1826, 
several of the Caithness Fishes at Cluno and Le- and to atat<* that my fnend Mr. George Anderson, 
then Bar in Nairnshire ; and, having followed up of Inverness, has thrown much light upon parts of 
his discoveries into Morayshire, be presented to the his native country, and has been of great use to 
Geological Bodety a detailed memoir descriptive many an exjdorer besides myself. Mr. Anderson 
of these tracts in 18.39. This paper was to be printed is well known to all tourists as the author of the 
in the Transactions of that oociety; but, as the * Guide to the Highlands,' in the third edition of 
author stmke douUingly respecting the genera and which (pp. 344 to 349 ficc.) the reader will find an 
meaes of his fossil Hshes, the order for the pub- able summary, by the late Mr. Alex. Bobinson, of 
lioanon of the memoir was deferred by the the Geology of the Moray Firth. 
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Fochftbers, and largely in Tynet Bum, and at Gamrie, on the coast of 
Aberdeenshire. 

In tracing the Old Bed group upwards on the eastern dank of the 
Grampians, from the flags or paving-stones of Arbroath, with their Pte- 
rygoti and egg-like bodies, through the Cephalaspis-beds, to the deep- 
red overlying sandstones of Perthshire (no bituminous schists being there 
known), we begin to find Holoptychius, a genus which has been con- 
tinued into the Lower Carboniferous rocks. The species, however, which 
occur in the deep-red sandstones of Perthshire, and particularly the 
splendid specimen from Clashbinnie, H. nobilissimus (PI. XXXYII. f. 9), 
are entirely distinct from those forms which occur in the highest strata, 
that are observed to pass up into the Carboniferous rocks. 

It is only in certain reddish and yellowish sandstones and shales, as seen 
in Fifeshire and the Lothians, that the geologist can be said to enter among 
those strata which here and there are linked on to the Carboniferous 
rocks above, as they unquestionably are to the Old Bed Sandstone below, 
and which, according to the predominance of their fossil contents, may .be 
grouped with cither deposit. Like the strata which connect the Upper Si- 
lurian with the Old Bed group, these yellow sands and shales are the true 
transition-beds which unite the Old Bed with the Carboniferous series. 
They are the beds in which the late Dr. John Fleming long ago pointed 
out the occurrence of Shells and Plants indicative of terrestrial and fresh- 
water conditions *. 

Other species of Holoptychius occur both in the red-coloured and yellow 
sandstones on either coast of the South of Scotland ; and, again, some spe- 
cies of this genus, distinct, however, from aU those of the Old Bed, are 
found in the lowest Carboniferous strata. 

It is worthy of being again noted, that the only scale of a large species 
of Holoptychius which I met with in preparing the description of the Si- 
lurian region was in one of the upper beds of the Old Bed of Hereford- 
shire, near Crickhowell, where that formation passes conformably under 
the Carboniferous Limestone of the South- Welsh coal-field t. 

These upper beds are marked at Dura Den in Fife, and at Farlow J in 
Shropshire, by the presence of Pterichthys, accompanied in the Scotch 
locality by Holoptychius §. The species, however, are distinct in both cases 
from those of the older or middle beds in Caithness and the Orkneys, as 
well as from those of the overlying Carboniferous rocks. Among these 

* See Edinburgh Journal of Natural Soienoe, many well-preserved lohthjolites in this yellow 
vol. iii. sandstone of Dura Den. Ue informed me that 

t See Sil. Syst. p. 171. the ytdlow sandstones of Dura Den contain 

I See the paper on the yellow sandstones at lehtHyolites of the genera Platyfi^thus, Dip- 
Farlow by Messrs. Morris and Roberts, Quart, lopterus, Glyptopomus, HoloptyoEius, Fteridh- 
Journ. Geol. Hoc. vol. xviii. p. 94. thys (Fomphractus), with a new genus,— an aa- 

^ A fine Holoptyohius, ve^ nearly akin to the semblage which shows that certain genera ranm 
H. nobilissimus of Perthshire, occurs in the u])- hromthe Caithness or central portion of the 
permost yellow sandstone of Dura Den. My late Old Red group, up into its highest sone. Dr. 
mend the Rev. John Anderson, D.D. (well known Anderson's finest speoimens are in the British 
by his work ‘ The Course of Creation ’), detected Museum. 



266 SILURU. [Chap. XI. 

fomiB, Holoplycliius Flemingii and Platygnathus Jamesoni, Ag,, are com- 
mon to the uppennost zone of this group in Scotland and Russia. 

I entertain no doubt that these yellow sandstones (with red layers) of 
Dura Den pertain truly to the Old Red group — ^that they are entirely sub- 
jacent to the adjoining yellow Carboniferous sandstones with Coal Plants. 
A splendid specimen (now at Rossie Priory) of Holoptychius Andersoni, 
three feet long, was found on the occasion of a visit I made to Dura Den 
in company with Lord and Lady Kinnaird and the late Rev. Dr. J. Ander- 
son ; and, as a form very similar abounds also in the lower red portions 
of the deposit (at Clashbinnie), the age of the yellow sandstone of Fife is 
clearly substantiated. 

Some Fishes and certain Plants, of which we shall presently speak, 
range up from the Caithness beds into the sandstones of the northern 
headland of Dunnet and the Orkney Islands. 

Whilst I adhere to that triple classification of the Old Red Sandstone of 
the North of Scotland which I correlated with the similar arrangement of 
the Devonian rocks of Devonshire and the Rhine *, particularly where the 
series extends from the Ord of Caithness northwards into the Orkney and 
Shetland Islands, I have to announce that in respect to the age of the 
uppermost light-coloured sandstones of Burgh Head and Lossie Mouth, 
south of Elgin and of Tarbet Ness (Ross-shire), I have now abandoned 
the suggestion of classing them with the Old Red or Devonian rocks. 
Stratigraphically considered, the strongest grounds indeed still exist to 
• induce the field-geologist to connect these reptiliferous sandstones with 
the subjacent Old Red Sandstone, on which they repose conformably, as 
shown in my last edition. In the environs of Elgin I have three times 
examined these rocks, and on the last two occasions in company with my 
■ accomplished friefid the Rev. G. Gordon of Bimie, and once when aided 
by Professor Ramsay. In advancing from the crystalline rocks on the 
south, and passing through the lower zones of Old Red Sandstone with 
numerous characteristic Ichthyolites, and from them through the chief 
yellow sandstones north of Elgin with their peculiar fossil Fishes, into the 
sandstones of the coast, I could detect no unconformity between all these 
beds with Ichthyolites and the strata of rather lighter colour, and contain- 
ing concretionary comstones, also like Old Red Comstones, which extend 
to Burgh Head and Lossie Mouth. It is in these last-mentioned rocks 
that the remarkable ReptUes the Telerpeton (Mantell), the Stagonolepisf 
(Agassiz), and the Hyperodapedon (Huxley) have been found. 

Again, numerous footprints of Reptiles were found on the surfaces of 
these sandstones, whether between Burgh Head and Lossie Mouth in 
Elginshire or near Tarbet Ness in Ross-shire. In the last-mentioned 
district various geol(gists have confirmed the original observations of Pro- 
fessor Sedcrwick and myself ( 1827 ), showing that all these strata seem to 
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form a natural and conformable cover of the Old Bed Sandstone and its 
Ichthyolites. Professors Ramsay and Haxkness have sanctioned this view, 
as well as the Rev. G. Gordon, the Rev. J. M. Joass, and others who have 
examined that coast *. 

Stratigraphically, therefore, the evidence seemed almost conclusive; and 
as I had been assured by Professor Huxley that the Reptiles found in these 
rocks were unique and wholly distinct from any known Mesozoic forms, I 
was prepared to suggest that, inasmuch as they were purely of terrestrial 
or fluviatile origin, it might be that creatures of this high organization 
were in existence when the earliest prolific fiora fiourished of which we 
have evidence. 

But all such speculation has been set aside *by a palaeontological dis- 
covery which Professor Huxley has made. A fossil Reptilian bone, con- 
taining teeth, found in the Keuper Sandstone f at Coten End, south-east 
of Warwick, was recently brought to him by Mr. Lloyd, F.G.S., of that 
town. On inspecting this additional relic, Professor Huxley was unable 
to distinguish it from the corresponding part of the Reptile jfrom the 
Upper Elgin Sandstone (Lossie Mouth), which he had described and 
named Hyperodapedon. 

To such fossil evidence as this the field-geologist must bow ; and instead, 
therefore, of any longer connecting these reptiliferous sandstones of Elgin 
and Ross with the Old Red Sandstones beneath them, I willingly adopt the 
view established by such fossil evidence, and consider that these overlying 
sandstones and limestones are of Upper Triassic age, and must once have 
formed the natural base of those liassic and Oolitic deposits of the north- 
east coast of Scotland which I described forty years agoj. 

The accidental conformity of two deposits of very different age is not new 
to geologists. In Russia, for example. Postpliocene deposits with Arctic 
shells of existing species are found lying conformably on the surface of 
horizontal rocks of Carboniferous Limestone; and any elevation of the whole 


* See Quart. Joum. Geol. Soo. toI. xix. p. 508, 
and vol. xx. p. 429. 

t This is the formation which my friend the 
late Hugh S^okland and myself first seimratt^d 
on a map from the underlying Bunt«*r Sandstone, 
and showed to be the equiviuent of the German 
Keupor (Trans. Geol. Soc. vol. v. p. 381, an. 1837, 
with map and plate of Fossils and footnrints of 
Beptiles). Severn curious Fish-remains, then con- 
fided to us by our intelligent friend Dr. Lloyd, 
were figured as derived from the quarries at Coten 
End. We also figured footprints of Beptiles ob- 
served ^ ourselves at Shrewley Common, in the 
Upper Xeuper. 

J * On the Coal-field of Brora, Sutherlandshire, 
and some other stratified deposits in the North of 
Scotland,' Trans. Geol. Soc. Lond., 2nd ser,, vol. ii. 

S 298. In admitting the value of the decisive evi- 
ence of the Hvperodapedon in establishing the 
Triassic age or the uppermost sandstones and 
limestones of Morayshire, it is my boimden duty 
to do justice to Mr. Charles Moore, who in 18^ 
was the first to recognise fossils of Rhetio age in 
the shales of Linksfi^d, near Elgin, and to sume^ 
a Triassic age for the underWing limestone, vmich 
T ftA XJppt^f Old Bod ^pbiiditono* This 


view was communicated to the Meeting of the 
British Association held that year at Aberdeen, 
and was supported by Sir Charles Lyell and Pro- 
fessor Nicol. Since then Professor Bupert Jones 
has oorroborated Mr. Moore's view of the Lower 
Mesosoic age of these Linksfleld Shales. (See the 
Monograph of Fossil Estherie, Palseontogr. Soc. 
1863, p. 74 &i!.) The possibility of the existence 
of New Bed Sandstone or Trias in these northern 
tracts was suggestt'd by me in the earUest of 
my memoirs, as above dted. After pointing out 
the absence of the Carboniferous series in tiiia 
region, and the difficulty of drayring oondusiona 
from slight difierences in the lithmc^eal struc- 
ture between the Old and New Bed sandstones, 
there is this observation : — “ The great fertUily of 
the plains of Easter-Boss (these extend to Tarbet 
Ness) affords also some slight ground for pre- 
suming that this great deposit may be referred to 
the age of the newer red sandstone.” This was 
writttm in 1826, before Sedgwick and myself de- 
scribed the Old Bed of the Hisdilands, when we 
spoke of a sandstone at Loch Greinoi^ on the 
west coast, as being of the New Bed i>eriod. 
Trans. Geol. Soc., 2nd ser., voL iii. p. 156. 
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mass would leave these two deposits of such widely different age in similar 
apposition*. Some such operation must have taken place when the Old 
Bed Sandstone and its Ichthyolites, lying in an undisturbed and horizontal 
position, was covered after a long interval by the youngest of the Triassic 
deposits, and so remained until an elevation took place which raised up 
the PalcBOZoic and Mesozoic deposits together to the same angle of inclina- 
tion, and subjected the whole of these masses to the same flexures, followed, 
doubtless, in after times by great breaks and denudations. 

As I do not profess to describe in this work any Secondary or Tertiary 
rocks, though they will be alluded to in the concluding Chapter in taking 
a general view of geological succession, I have withdrawn from this edition 
the woodcut of the Telerpeton — and the more willingly as a much more 
perfect specimen of that Eeptile has recently been found than that which 
was figured. I have now only to refer my readers to the complete account 
of these Elgin Reptiles of the Upper Triassic or Keuper ago, which, in 
completing his former description of them, as partially cited in my last 
edition, will shortly be given by Professor Huxley in the Memoirs of the 
Geological Survey of Great Britain. 

Plants of the Old Red Sandstone . — The most marked addition, of late 
years, to the known fossils of the Old Red Sandstone of the North of Scot- 
land, consists of various Plants. Even as late as the year 1854 I could 
allude to only one unquestionable Land Plant as having been found 
in this formation, by Hugh Miller, and described by him as a part of a 
Coniferous Treet. The same author had afterwards brought to the notice 
of the British Association for the Advancement of Science, in 1855, several 
of these fossil Plants, which have since been published in his posthumous 
work the ‘ Testimony of the Rocks.’ Most of these have been there referred 
to Tree Poms, and illustrated in that work by woodcuts J. 

Living at Wick, in the central portion of the Caithness flags, Mr. Charles 
Peach laboured incessantly in that locality to discover organic remains, and 
succeeded in disentangling certain fossil vegetables (as well as many Ich- 
thyolites) from these hard rocks. The Plants are all clearly of terrestrial 
origin, and are of the same spepies as those which have been found in the 
Orkneys by Dr. Hamilton, and at Thurso by Mr. John Miller and the late 
Mr. Robert Dick §, who have collected many excellent specimens near that 
town, some of which are figured below. 


* See also Dr. Bigeb^s Buggestive memoir ‘ On 
Miseing Sedimenta^ Formations,' in the Quart. 
Joom. Oeol. Soo. vol. xr. p. 198. 

t See ‘ Footprints of the Creator,' p. 198. 

I See Millers * Testimony of the BrOoks,’ PP. 
432, &c. 

$ Daring mj last researches with Mr. Peach, 
I received, ind^d, much valuable informationfrom 
both of those explorers. Mr. Itobert Dick directed 
my notice to the presence of numerous powerful 
fir^ures and dislocations in the flagstones ranging 
over Caithness, and which to the superflcial ob- 
server seem to lie simply in undulations. But to 
whatever extent these dislocations have occurred, 


they never can be accurately defined until a cor- 
rect map of the couniy be executed, it being a 
melancholy fact that, tnough very easily capable 
of examination owing to the slight elevation of 
the greater part of the county, Caithness is pro- 
bably the worst-mapped county in Scotland, or 
rather it possesses no map. Alas ! whilst these 
pages are printing, I have to record the death of 
this remarkable man. Bobert Dick was unques- 
tionably gifted with genius, and possessed of great 
original strength of mind. That he had a strong 
poetic verve was proved by his having purchased 
fine editions of the work% of Bums, ^ott, B^on, 
and other poets/iut of his scanty earnings ; for he 
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The most striking, perhaps, of these fossil Plants are very large, long, 
flattened bodies, which, from their state of preservation, were clearly 
woody stems (Foss. 73. f. 6). They were fluted longitudinally, and pos- 
sessed a central pith. One specimen found by Mr. Peach was several 
feet in length and 16 inches broad. 


Fossils (73). Plants op the Old Bed Sandstone op Caithness. 



1. Branched rootlets of some (Lycopodiaceous?) plant. 2. Dichotomous roots (very 
common) of Lepidodendron ?, upon a surface marked with double Annelide-burrows. 
3. Lycopodites Milleri, Salter ; one-third nat. size. 4. Lepidodendron nothum, Unger?, 
one-third nat. size. 5. Flattened root, and 6. Fluted stem, of Coniferous Tree ; about 
one-sixth nat. size. [A portion of a Tree-fern (Caulopteris? Peachii, Salter) is figured 
in the Quart. Journ. Qeol. Soc. vol. xv. p. 408.] 

Though these plants have often been converted into thin plates of crystal- 
line coaly matter, their forms remain distinct ; and under the careful micro- 
scopic scrutiny of the late Professor Quekett, they exhibited a true Conife- 
rous structure. In the arrangement and number of the disks upon the 
fibres they approach near to the Araucarian group. In general appe^ance, 
and even in the mode of preservation, they strikingly resemble certain fossil 
forms from the Upper Devonian rocks of Saalfeld in Germany, collected by 
M. Eichter, and hereafter to be noticed, — such, for instance, as the Apo- 
roxylon of Professor Unger ; but this differs in being of simpler structure, 
and in possessing neither pores nor disks. 

These fluted fragments are doubtless stems; and similar but more slender 
specimens found with them are as clearly the branches, which have borne 


was a baker, ever much engaged in hard manual 
labour. On one of my vieita to Thurao, when we 
were lamenting over the want of a map of Caith- 
ness, he prepared for my instruction a model in 
iloWf which he manipulated into hills, valleys, 
and watercourses, and thus brought out in relief 
all the surrounding country. He was as well ac- 
quainted with every living British plant as he was 
with all the Caithness fossils. Admiring as I did 
such energy and ability in a mo4eBt working man. 


I rejoice to know that it has been resolved to erect 
a monument to his memory at Thurso. 

Most of Mr. Dick’s specimens were communi- 
cated to the late Hugh Miller ; and, when last in 
Caithness, I induced Mr. John Miller, of Thurso, 
to send up all his valuable specimens to London 
for exanunation. They have been described by 
Mr. Balter, in the Quart. Joum. G-e<d. Boo., Hov. 
IHiiT, vol. xiv. p. 72. pi. 5. 
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whorls of smaller twigs, like their living representatives. Again, large 
branching woody roots, f. 5, but destitute of superdcial markings, appear 
to have belonged to the same Trees, and are often several feet long. With 
these occur very many specimens of a Lepidodendron, f. 4, with scaly, short 
leaves (L. nothum, Unger ?, or a species very like it), — and a Lycopodites, 
f. 3, with long prostrate stems and secund or one-sided foliage, like that ot 
the common Lycopodium clavatum. This last may of course be of quite a 
different natural order, and even Coniferous; but its general resemblance 
alone is implied in the name. 

Linear and branched (dichotomous) fragments ♦, some of them smooth, 
f. 1, 2, and destitute of all markings, have also been found, whilst others, 
like them, are covered with small tubercles in quincunx order, and are 
probably the roots of Lepidodendron, f. 4. 

The probability of the smooth forms, f. 1, being also roots is very strong. 
Similar bodies occur in beds of the Upper Devonian series in North Devon 
and the South of Ireland, and in such a position vsdth regard to the fluted 
stems of Knorria, with which they are associated, as to lead to the belief 
that they are the rootlets of that Plant. The larger ones have even mark- 
ings similar to those of the main stem. 

This probability is strengthened by finding with them similar linear spe- 
cimens which bear tubercles or excrescences at their tips and along their 
sides, very like those on the roots of Leguminous Plants and many of the 
Conifers The latter is the more probable analogy. 

Hugh Miller has indeed figured a similar fossil J as probably belonging 
to an ancient marine Plant resembling the Zostera, and has reasonably 
speculated on the existence of wide fields of such vegetation on the muddy 
shores of the Old Eed period; but our more perfect specimens justify 
the belief above stated, and as yet there is no evidence of any marine 
Plant in the Caithness schists. The vegetable remains have evidently 
been swept from adjacent lands into the sea inhabited by the Fishes above 
described §. 

The flora, on the whole, is analogous to that of the Carboniferous forma- 
tion, though distinct as to species. In short, there were large Coniferous 
Trees (with whorls of branches and a structure like that of the Norfolk- 
Island Pine), Lepidodendron, Lycopodites, and Ferns. That these grew 
near the coast and were entombed in the shallows of a muddy shore 
(sometimes in lakes or lagoons, as, perhaps, in the Upper Old Eed period) 
seems proved from their good preservation and from the nature of the 
matrix, which, moreover, is indented by the burrows of Worms (see f. 2) 
like those made upon the shores in our own day. 

As we advance still higher in the series, or into the strata which overlie 

* Sto alio Miller*! ♦ Footprint!,’ p. 193. ^ It shonld also be remembered that Cepha- 

t J • D. Hooker, Proc. Liim. Soc., No. 68, lai^ie and Pteraapis, both typioal ‘ Old Eed ’ Piah, 
P* found with marine forma at Ludlow. 

I Teatimony of the Booke, p. 426. 
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the Caithness flags, other fossil Plants of large size begin to appear ; and 
several of these have been discovered in the Orkney and Shetland Islands 
by Dr. Hamilton, which, belonging either to Calamites ♦ or an allied genus 
(Bomia), make a near approach to forms usually considered characteristic 
of the Carboniferous era. 

Devonian JRocJcs {the equivalents of the Old Bed Sandstone) in Devon and 
Cornwall . — The crystalline and slaty condition of many of the stratified 
deposits in North and South Devon and Cornwall, and their association 
with eruptive rocks and much metalliferous matter, might well induce the 
earlier geologists to class them among the very oldest deposits of the British 
Isles. In truth, the south-western extremity of England presented 
apparently no regular sedimentary succession by which its grey, slaty 
schists, marbles, and siliceous grits and sandstones could be connected 
with an}" one of the British deposits the age of which was weU as- 
certained. The establishment of the Silurian system, and the proofs it 
afforded of the entire separation of its fossils from those of the Carbontferous 
era, was the first step in the inquiries which led to a right understanding 
of the age of these deposits. The next was the proof obtained by Professor 
Sedgwick and myself, that the < culm- measures ’ of Devon are truly of the 
age of the Lower Carboniferous period, and that they graduate downwards 
into some of the slaty rocks of this region. Hence it became manifest 
that the rocks now under consideration were the immediate precursors 
of the Coal-deposits, and stand, therefore, clearly in the place of the 
Old Bed Sandstone of other regions. The highly important deduction 
of Mr. Lonsdale, also, that the fossils of the South-Devon limestones, 
collected by Mr. Austen and others, really constituted a natural-history 
group intermediate between those of the Silurian rocks and of the 
Carboniferous Limestone, was the reason which had most weight with 
Professor Sedgwick and myself (after correlating North and South Devon) 
in inducing us to propose the term ‘ Devonian ’ f. The stratified rocks of 
Devonshire and Cornwall, highly varied in composition, and the equiva- 
lents of the Old Bed Sandstone in the regions alluded to, have also been 
illustrated by the researches of Sir Henry De la Beche, Mr. B. Godwin- 
Austen, Professor Phillips, and other geologists t. 

The most instructive of the sections published by my colleague and 
myself to illustrate the general structure of Devenshire is that of which 
the diagram at p. 272 is a reduction §. It passes across North Devon, 
from the Foreland on the Bristol Channel, to the granitic ridge of Dartmoor 
on the south, and exhibits a full succession of the Lower, Middle, and 


Dr. Hooker, Quart. Geol. Joum. vol. ii. 
p. 49 ; see also vol. xiv. p. 73. . - 

t See Eeport of the British Association for the 
Advancement of Science, 1836; Sedgwick and Mur- 
chison, Trans. Geol. Soo., 2nd ser., voL v. p. 633, 
and Phil. Mag. vol. xi. p. 311. See the memoir of 
Lonsdale, Trans. Geol. Soo., 2nd ser., vol. v. p. 721, 
in which our valued friend clearly and modestly 


states the part which he took in this olassifloa- 
tion. 

I Bee Eeport on the Geology of Cornwall, De- 
von, and West Somerset, by De la Beohe, 1839, 
and on the Palaeozoic fossils of the same i^on, 
by Prof. PhiUips,1841. 

t See Trans. Geol. Boo., 2nd ser., vol. v. pi. 50. 
figs. 1 & 2. 
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Upper Devonian rocks^ from Lynton, through Ilfracombe, to Barnstaple, — 
the whole dipping under strata of Carboniferous age *, which, on the op- 
posite side of a wide trough, again rise to the surface, resting also upon 
Upper Devonian strata. 

The tract of North Devon has thus been selected as affording the best 
type of succession of the British rocks to which the name Devonian was 
applied, because it offers a clear ascending section, through several thousand 
feet of varied strata, until we reach other overlying rocks, which are un- 
deniably the bottom beds of the true Carboniferous system. For, whether 
we advance from Barnstaple to the south or from Petherwin to the north 
(section, p. 272), we find ourselves in a widet trough of overlying strata 
in which the slaty character is but little developed, and which are nltich 
softer, in places, than those of the flanking tracts. 

Now, although this overlying series is in mineral aspect as much unlike 
the Carboniferous strata of most other parts of Britain as the rocks of North 
Devon are unlike the ordinary Old Bed Sandstone of England and Scot- 
land, we have proofs by fossils, besides the analogy with Pembrokeshire 
before spoken of, that the black limestones of Swimbridge and Venn &c. 
with Posidonomyae (or the calcareous band g of the section) do represent, 
on a miniature scale, a part of the Mountain or Carboniferous Limestone, 
that the next series of white grit and sandstone of Coddon Hill &c. stands 
in the place of the Millstone-grit, and that the overlying courses of culm 
with many remains of Plants are consequently the equivalents of some of 
the lower coal-bearing strata of other tracts to be described in the next 
Chapter In short, no one denies that in the Culm series of Devonshire 
we have the representatives of the Lower Carboniferous strata. 

The objections, therefore (which have, however, been only very partially 
made), to the view taken by Professor Sedgwick and myself, that the 
Devonian rocks of the foregoing section are the true representatives in time 
of the great deposits of Old Bed Sandstone of other parts, are quite un- 
tenable. In truth, the long period which was occupied in developing the 
enormously thick Old Bed deposits of Wales and of large tracts of Scotland 
and Ireland must have produced equivalent accumulations elsewhere ; and 
the vast slaty series of North Devon immediately underlying the lowest 
Carboniferous beds occupies precisely the same position as the Old Bed 
Sandstone of England, Scotland, and Ireland. Moreover, as every geologist 
knows that the crystalline feature of slaty cleavage was impressed upon 


* The ooal-fleld, which is bituminous in Mon- 
mouth, Glamorgan, and Carmarthen, becomes an- 
thraoitio in Fenmroke, where the stone-coal serieB, 
much disturbed and broken, differs from that of 
Devon only in being much more productive. 
Foeeibly some of the culm-strata of Devon, devoid 
as they are of any workable coal, may yield bitu- 
minous products by the application of heat. 

t The thickness of these Lower Carboniferous 
strata must not be estimated by the breadth which 
they occupy on a geological map ; for, owing to 
countless convolutions, the very same beds are re- 


peated over and over in the same broad trough : 
the folds are well exposed near 3ude and at ^er 
places on the coast (see Trana Geol. Soo. loe, eit.). 
The bottom beds only of these undulations, or 
small portions of each side of the cnlm-tafon gh 
are represented in the section. 

T Some of the culm-beds of Devon may be con- 
sidered subordinate to the Millstone-grit; but 
most of the culm overlies that rook, and is simply 
the equivalent of the culm of Fembrokeahire, of 
which hereafter. 
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these Devonian rocks long ajPter their formation, so must he also admit 
that the change from the red sand and shale of Hereford, Brecknock, and 
Carmarthen to the grey shale with much red sandstone in South Devon is 
by no means abrupt, but resembles the gradual change which begins to 
take place in Pembroke. Nor is there any difficulty in supposing how, by 
a less diffusion of iron, and under dissimilar submarine conditions the 
southern portion of the area of the same sea should have less of the red 
colour and sandy character than the northern. 

But if, on account of lithological differences, some persons should deny 
that the slaty rocks of Devonshire can be the equivalents of the red sand- 
stone and shale of the Silurian region of Hereford and Shropshire, let it 
be IbcoUected that this change in lithological structure is by no means 
more remarkable than the mutation of aspect and character which the 
next overlying (Carboniferous) formation has also undergone in Devon- 
shire ; for in no distant parts of the world do two coal-formations of like 
age present mineral and zoological characters more entirely unlike each 
other than do the rich South-Welsh basin of Glamorganshire and the 
sterile Culm-region of Devonshire, separated only by the Bristol Channel. 
Such variations of mineral character in these deposits are not imknown 
in different parts of the world. 

The great eruption of the granite of Dartmoor, which affected both the 
Devonian and Carboniferous strata in contact with it, has so usurped the 
place of the regular deposits in South Devon that in vain do we look, either 
there or in Cornwall, for the same clear order as in North Devon, where the 
three divisions of this group are clearly recognized, viz. the Lowest or Lyn- 
ton series (Spiriferen-Sandstein, or Systeme Coblentzine, of the Ehenish 
Provinces), the Middle or Ilfracombe series (Lenne-Schiefer, and Eifel- 
Kalk or Stringocephalen-Kalk), and the Upper or Petherwin series (Cypri- 
dinen-Schiefer, Clymenien-Kalk, and Verneuilii-Schiefer of the Belgian 
area). In fact, the derangement in the western portion of South Devon and 
the adjacent parts of Cornwall is so great that, as already stated, the Lower 
Silurian rocks are seen to overlie true Devonian rocks ! * The metamor- 
phism of some of the schists has, indeed, often given to them the semblance 
of the oldest primary rocks. It is now ascertained that in North Devon 
also much contemporaneous eruptive rock (felspathic ashes &c.) has meta- 
morphosed the slates of the Ilfracombe or Middle Devonian series, — espe- 
cially along the strike of those beds from Combe Martin to Parracombe, and 
on to Stowey in the Quantocks, and also along another line ranging from 
Lee Bay west of Ilfracombe to Kentisbury and Rowley, and along a still 
better-defined course from Woolacombe to West Down, Bittadon, and Gar- 
man Down &c. 

The Qmntoclc HtUs , — These hills of Western Somerset, ranging from 
S.S.E. to N.N.W., are essentially composed of a great mass of the Lower 

** Sep p. 145, and Quart. Joum. Oeol. Boo. vol. viii. p. IH. 
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Beyonian sandy and slaty ‘greywack^^ rocks, which, dipping to the 
E.N.E., are overlain, on the lower grounds, by true Middle Devonian lime- 
stones, the equivalents (as shown by their fossils, and particularly their 
Corals) of the Ilfracombe beds of North Devon and the great limestones 
of South Devon. 

The lowest beds visible (nearly if not quite as low in the series as a and 
h in the section of the North Foreland, p. 272) are well exposed in a bold 
escarpment at Triscombe and other places, where the strata' consist of 
a hard greywack^, purplish-red outside, and weathering into irregular 
fragments. These strata dip to the E.N.E. at an angle vfuying from 25® 
to 30°, and are surmounted by others having very much the same litho- 
logical character, together with occasional glossy shiUat, which, fronMts 
irregular fracture, can only be used for wall-stones. The highest point 
in the range, called Wills Neck, is about 1000 feet above the sea. In 
advancing from the escarpment across these hills, whether to Asholt or 
to Adscombe, by the beautiful new roads in the picturesque woody demesne 
of Lord Taunton, a considerable thickness of these strata is exposed ; and 
on approaching their eastern flank undulations are seen. The most re- 
markable of these is marked by the presence of a very peculiar green 
rock, which, ranging with the strike of the formation from S.S.E. to 
N.N.W., has been extensively quarried by Lord Taunton for the construc- 
tion of * Quantock Lodge,’ and is the only freestone in the range. This 
rock is manifestly of igneous origin, and was, I doubt not, formed by a sub- 
marine outpouring of volcanic materials (ashes &c.) during the accumu- 
lation of the other strata. When quarried in the deepest openings, it is of 
a grass-green colour and comparatively soft ; but when exposed to the 
atmosphere, it becomes very hard, assumes a somewhat darker tint, and 
will take a fine polish. The ordinary rocks of the hills fold round this ashy 
greenstone, as if they had been disturbed ; but the strata soon resume 
their regular dip to the E.N.E ., and pass under the limestones which are 
exposed in various places on the flank of the hills, extending from Asholt 
to Adscombe, by Nether Stowey, Upper Stowey, &c. Along the line be- 
tween the greenstone and the limestones, there are copper-ores, which 
have been worked. 

In the northernmost part of the chain, the strata are very highly in- 
clined. The greywack^, in parts purplish red, in parts grey, used for road- 
making, and well exposed m Sir Peregrine Acland’s quarries, dips from 
45° to 50° to the E.N.E., and is succeeded on the dip by the foesiliferous 
limestones of Upper Stowey &c. The only organisms I could detect m 
the ordinary greywacke of the Quantocks are minute fucoidal bodies. 

The overlying limestones (c of the section at p. 272) contain many Corals 
and Encrinites, like those of the Babbicombe and Torquay limestones of 
South Devon; and Mr. Etheridge, who has examined the localities since 
my visit, assures me that the identity of the remains from these different 
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places with those of the Eifel Limestones in the Ehenish ProTinoes is 
undoubted. 

The disjointed and occasionally inverted masses of South Devon are 
easily brought into comparison with the clear order of North Devon and 
West Somerset *. This is in great measure owing to the numerous and well- 
preserved fossils of its extensive limestones. These are on the parallel 
of those of Combe Martin and Ilfracombe (e of the section at p. 272) ; and, 
rising in great masses near Plymouth and Ogwell, they range, with intervals, 
to Newton Bushel and Torquay f. They are laden with Corals and Shells, 
many species of which occur in rocks of the same age in North Devon, and also 
in various parts of the continent of Europe, and notably in the limestones 
of the Eifel, the Rhenish Provinces, and Belgium. Now many of these 
fossils are quite peculiar ; for, whilst they exhibit an intermediate cha- 
racter (approaching in the lower beds of this series to those of the Silurian 
system, though almost all distinct, and in the upper strata to those of the 
Carboniferous era), there can be no doubt that they constitute an indepen- 
dent group. 

The species known to occur in the limestone bands of the Middle or Ilfra- 
combe group, stretching from Widmouth through Combe Martin, Twitchin, 
Simonsbath, Newland, Luckwell, Luxborough, Higher Broadwater, Huish and 
Nettlecombe, and thence to the Quantocks, are precisely the same as found at 
Newton Bushel, Plymouth, Ogwell, &c. : they are HeliophyUumHallii, M.-Edw., 
Favosites cervicomis, Blainv., Petraia celtica, Lonsd., Cyathophyllum Boloni- 
ense, Blainv., C.'caespitosum, Goldf., Hallia Pengellyi, M.-Edw., Cystiphyllum 
vesiculosum, Goldf., Pleurodictyum problemnticum, Goldf, &c., with the Amor- 
phozoan Stromatopora concentrica, Goldf*. j and they are accompanied by an 
equally characteristic series of Middle Devonian Brachiopoda. The Corals have 
been described in the Memoirs of the PalsBontographical Society of 1863 by 
MM. Milne-Edwards and Jules Haime f. 

All the species of Trilobites known in the Silurian system have disappeared, 
and their places are taken by others, of which Bronteus flabellifer, Goldfuss, 
Phacops granulatus, Munster, P. conophthalmus, Emmrich, P, latifrons, Bronn, 
and P. laciniatus, Roemer, are striking types both in Britain and on the Con- 


* The differences between the litholoncal suc- 
oession in North and South Deyon, on the oppo- 
site sides of the great gnmitic axis of Dartmoor, 
are en>lained by Sedgwick and myself, Trans. 
GeoL Soc., 2nd ser., vol. v. pt. 3. p. 6&. 

t One of the finest ooUections of the South 
Deron fossils was made by Mr. B. A. C. Godwin- 
Austen, whose researches in the field, and whose 
study of the O]^;anio remains, so materially con- 
tributed to a correct knowledge of the stratifie 
rooks of Devonshire. Bee Tra^. Geol. Boo., 2nd 
ser., vol. vi. p. 438 ; and Lonsdale, ibid.voLv. p.721. 

In a Memoir on the paleozoic rooks of the Bou- 
lonnais (Quart J oum. Geol. Soc. vol. iz. p. 244), 
Mr. Austen, like myself^ oLoMses the Fetherwin and 
Pilton beds with the Devonian rocks, whilst he 
separates the South Devon limestones of Newton 
and Ogwell from those of Ashburton, Biokerton, 
and Chudleigh. If in this pq;>ular work 1 retain 
the older view, and group together the South 
Devon limestones, I would in no respect detract 
from the value of such a subdivision. My present 
belief is, indeed, that the lower sandstones, con- 


glomerates, and slates (or the a b of the previous 
section) are truly the equivalents of the Lower 
Bhenisn or Coblentzian shelly greywack^ and 
sandstone — thus completing the parallel between 
the British and Rhemsh Devonian rooks, and giv- 
ing to each a similar base. In respect to the Up- 
per Devonian division, all foreign geologists who 
classify by organic remains, inoludung M. de Ko- 
ninck, whose opinions will be cited in a subsequent 
Chapter have placed the Olymenia-limestone and 
the Cjpridina-Bohist in the Devonian system. I 
must therefore dissent from a proposal of the late 
Mr. D. Sh^e, to remove these passage-beds to 
the Carboniferous series. 

X My friend Mr. Lonsdale does not participate 
in the opinion of these authors respecting some of 
the Corals which they refer to the genus Favo- 
sites. I earnestly trust that his health will permit 
him to publish a Report on the Corals from the 
Palseozoic Formations of New South Wales, trans- 
mitted to him W the Rev. W. B. Clark, in which 
he will assira, 1 doubt not, valid reasons for the 
distinctionslie draws. 
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tinent. Large species of Homalonotus (H. Herschelii) &c., different from the 
Ludlow species, being ornamented with spines, characterize the lowest beds. 
They are found, too, in Devonian strata of very distant regions, e, g, the Cape of 
Good Hope. Trilobites, however, which swarmed in Silurian times, were com- 
paratively scarce in the Devonian ; although several of the very numerous genera 
of the former era are known in it, no new genera are introduced. 

Among the Mollusca, nearly aU the species of Atrypa, Orthis, and Spirifer 
differ from those of the Silurian era*. One shell, however, Atrypa reticularis, 
must be mentioned as an exception to the prevalent rule of each great group 
being distinguished by peculiar forms ; for this hardy species, with which the 
reader became fiimiliar in the Silurian rocks (see p. 210), lived on to the Devo- 
nian era, and is as common in the limestones and shale of Devonshire as in the 
older series. It even ranges to the fiirthest known geographical limits of the 
Devonian rocks — ^to Armenia, the Caucasus, and China on the east, and to 
the Devonian deposits of America on the west ! 

Although many of the Silurian and Devonian genera are the same, yet the 
proportional number of species is very different, and certain genera of Shells 
which were common in the older period are no longer traceable. Thus the 
genus Orthis becomes far less abundant, whilst Spirifer, comparatively rare in 
the older rocks, augments much in variety of forms, and especially in the size of 
the shell — ^the large broad- winged Spirifers being especially characteristic of 
rocks of this age, and particularly in the Lower Devonian of several foreign 
countries. Several species of Brachiopods common in the sandstones of Torquay 
andFowey in South Devon and Cornwall are, indeed, well known in the Rhenish 
Provinces. Such, for example, are Spirifer micropter, Goldf. (Sp. hystericus, 
Schl.), Sp. Isevicosta, Valenc. (Sp. ostiolatus, Schl.), Chonetes sarcinulata, 
Hupsch (Ch. Hardrensis, Phill.). In Britain, no Brachiopod is more lypical 
than Atrypa desquamata. Sow., Foss. 74. f. 6. 

Tentaculites annnlatus, Schl., a species of Homalonotus (probably armatus, 
Bunn.) with spines, and the remarkable Rhenish Coral J^leurodictyum proble- 
maticum, Goldf., are among the characteristic species of the lowest beds. 

As if to draw the parallel even still closer between Devonshire and the 
Rhine, Bactrites (Orthoceras) gracilis, Munster, the prevailing fossil of the 
Wissenbach slates (which, as will hereafter be seen, occupy a low position in 
the series) has been found at Black Head near St. Austel. 

The most typical Shells which mark the strata in which they occiur as of 
Middle Devonian age are the large Stringocephalus Burtini, Defrance, Foss. 74. 
f. 4, Megalodon cucullatus, Sow., f. 2, together with Murchisonia bilineata, 
Phillips, f. 3 (M. bigranulosa, d’Archiac), and the Corals Cyathophyllum 
caespitosum, Goldf., Ileliolites porosus, Goldf., and Calceola sandalina, Linn., 
Foss. 74. f. 1. 

To these few characteristic fossils the following may be added as abounding 
in the limestones of Plymouth, Berry Head, Teignmouth, Ogwell, and part, at 
least, of those of Newton Bushel t, viz. : — Spirifer speciosus, Schloth., Cyrtina he- 
teroclyta, Defrance, Pentamerus brevirostris, Phill., Cyrtoceras omatum, Goldf., 
&c. ; species of Scoliostoma (or VennetusP), Euomphalus annulatus, PhiU., 
Pleurotomaria, Macrocheilus, Loxonema, Acroculia, and Porcellia; Encrinites 

* Many Silurian species appear, indeed, in cata- Rhynohonella cuboides, Sow., a species which 
logues of Devonian fossils, but in most cases, it characterizes the beds immediately below ^ the 
is believed, (with the exception of a few Corals) Clymenia-limestones of Q-ermany and Belgii:m. 
erroneously. A species of Chiton (the elonmte form, Helmin- 

t The higher beds at Newton Bushel are cer- tbochiton) is also found in the Newton Budiel 
tainly of newer date, the charactoristic Shell being bods. 
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(Hexacimtis, Plalyormus, &c.) ; with the Trilobites Bronteus flabellifer, Goldf., 
Harpes macrocephi^uS; Goldf., Phacops, &c. The same species are found in the 
Middle Devonian limestones of Combe Martin and Ilfracombe in North Devon, 
with also many other equally important Shells characteristic of this stage, viz. 
Bensselasria stringiceps, Koemer, Meristella plebeia, Sow., Streptorhynchus 
umbraculum, &c., associated with the usual and characteristic Corals Helio- 
phyllum Hallii, M.-Edw., Cyathophyllum csespitosum, Goldf., C. Boloniense, 
Bl^v., Cystiphyllum vesiculosum, Goldf., Hallia Pengellyi, M.-Edw., and 
Pleurodictyum problematicum, Goldf. 

Fossils (74). Fossils of the Middle Devonian Limestones. 



1. Calceola* sandalina, Linn. 2. Megalodon cucullatus, Sow. 3. Murchisonia bi- 
lineata, Goldf. 4. Stringocephalus Burtini, Def. 5. Atryj^a desquamata, Sow. 

The curious fossil ealled Sphseronites tessellatus by Sir H. De la Beche also 
occurs here. It is not, however, a Cystidean, that family being confined to the 
Silurian rocks, but is, perhaps, a complex sponge, as is also Steganodictyum of 
M^Coy, from the slates of Polperro, Cornwall. The fossils of the calcareous 
slates, indeed, which range throughout the southern parts of Devon and Corn- 
wall, are for the most part the same as those of the limestones — Atrypa desqua- 
mata and Phacops laciniatus being the commonest forms at Padstow, Liskeard, 
and St. Ke 3 rne. 

To return to the section, p. 272. The highest rock which is there 
classed as Devonian (/), and which lithologically is an upward con- 
tinuation of the slaty series, differs very considerably on the two sides of 
the trough — so much so that there is much difficulty in identifying the 
beds on the southern side of the trough with those on the northern. 
On the southern side the strata, by their schistose and calcareous nature, 
as well as fossils, truly represent the Upper Devonian limestones and 
schists of Germany, of which mention will be made in a subsequent 
Chapter ; but the beds of the Barnstaple section differ much in lithological 
character and fossil contents, and indicate, both in my opinion and in that 

_ * TWi wu formerlj regarded aa a Braohiopo> a Zoophyte belonging to the Aotinoaoa Bngosa : 
dooi Shell : but LindatrSm baa ahown that it ia G-eol. Mag. vol. iii. pp. 850, 406. 
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of Mr. Salter (who reexamined them carefolly), a somewhat higher zone 
in the series, passing insensibly into the Carboniferous group above. 

To begin with the beds of Petherwin m Cornwall. Here the uppermost beds, 
underlying the trough of culm-strata, consist of soft, fissile, grey slate, with 
some courses of impure limestone,/, as expressed in the previous section (p. 272). 
In this band a great number of fossils have been found ; and these, whatever 
ambiguity may attach to the beds of Barnstaple, clearly identify the Petherwin 
series with the Upper Devonian of many parts of the continent of Europe. Such 
are Phacops granulatus, Munst., Foss. 75. f. 5 ; Clymenia undulata, Miinst, 


Fossils (76). Fossils op the Uppee Devonian. 



1. Clymenia undulata, Miinst. 2. Cucullsea Hardingii, Sow. 3. Strophalosia ca- 
perata, Sow. 4. Spirifer disjunotus, Sow. (Vemeuilii, Murch.). 5. Phacops granulatus, 
Hiinst. 

f. 1 ; C. laevigata, Miinst. ; C. striata, Miinst. ; Goniatites subsulcatus, Miinst. ; 
Cardiola retrostriata, Von Buch, and Productus subaculeatus, Murch. These 
fossils are not found in the Barnstaple series. Several species (probably 14 or 
16), however, are met with in both localities. Spirifer Urei, for instance, and 
Orthis interlineata are common fossils ; and these, with Spirifer disjimctus (or 
Vemeuilii), a Devonian fossil of the Boulonnais, help to connect these beds 
with those on the north side of the culm-trough. On the other hand, the 
characteristic Trilobite Phacops latifrons, Bronn, so common at Barnstaple, is 
absent from the Petherwin deposits*. 

The most typical portion of the Upper Devonian beds of Barnstaple is the 
calcareous band of Pilton, Brushford, and Braunton, which ranges to the sea at 
Croyde Bay. Now, whilst the lower sandy strata of this section, as at Mar- 
wood and 3^gy Point, contain numerous Cucullsese (chiefly C. Hardingii, Sow., 
Foss. 76. f. 2, and C. trapezium, Sow.), with Avicula Damnoniensis, Sow., Curto- 
notus, Otenodonta, Modiola, &c., Bellerophon subglobatus, M^Coy, and a pecu- 
liar species like B. trilobatus of the Tilestones (B. bisulcatus of Roemer), and also 
casts of Land Plants, such as Knorria dichotoma, Haughton, Adiantites, and a 
species of Bomia, &c., — ^the upper or calcareous part is charged with a true De- 
vonian Trilobite, Phacops latifrons, Bronn, together with species of Pleuroto- 
maria, Orthis, Spirifer, Terebratula, and Strophalosia, some of which occur in 
the Carboniferous rocks, but others are Upper Devonian. Such are Spirifer 
Vemeuilii, Murch. (Sp. disjunctus. Sow.), and Strophalosia productoides, Murch. 

* It is present in a small outlier of slaty rook amined by Mr. Salter, who was unable to obtain 
which pierces the onlm a few miles north of Laun- satisfactory eTidenoe of its being higher in the 
oestou, and is there accompanied by Petraia Cel- series than the Petherwin limestone, lie is, how- 
tioa. This outlier was observed many years ago ever, strongly inclined to that opinioni both from 
by Mr. S. B. Fattison, and has since b^n reez- its position and organic contents. 
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(Str. caperata. Sow.). Productus piSBlongns, Sow., is a species elsewhere un- 
l^own, but occurring in proftision in these beds. With this, too, is a local form, 
resembling Spirifer cuspidatus, Martin, of the Carboniferous Limestone j and 
there are fossils of that formation — Spirifer Urei, Mem., and Rhynchonella pleu- 
rodon, Phill., — together with Fenestellee, Encrinites, Msh palates, &c. which 
appear to be identical with those of the Carboniferous Slate. Here, again, 
though with considerable mineral variations, we see the same upward succession 
as in Scotland and Ireland ; and in approaching the summit of what has been 
classed as Devonian or Old Red, we are gradually introduced to the flora and 
fauna of the Carboniferous era. 

It has been proposed, indeed, to classify this Upper Devonian deposit 
with the Carboniferous system, that view having at one time been advo- 
cated by the late Mr. D. Sharpe and Mr. Godwin -Austen. Mr. Salter and 
Mr. Etheridge, however, agree with me ; and, whilst grouping the upper 
portion of the Barnstaple band with the Lower Carboniferous limestone- 
shale, they regard the Pilton and Marwood strata* as the uppermost 
part of the Devonian series, and as passing upwards from it into the 
Petherwin band, which is the true representative, in the Devonian area, 
of the Upper Old Red Sandstone of Scotland. 

This Upper Devonian of South Britain, which occupies, in my opinion, 
the same place in the geological series as the uppermost Old Red Sand- 
stone flanking the Silurian region, and the sandstones with Pishes and 
Plants in parts of Scotland, is well represented by the beds of Petherwin 
(/ of the section, p. 272), while perhaps a somewhat higher member of the 
series is included in the Marwood and Barnstaple band. 

In addition to Phacops granulatus, Clymenia), and other fossils above 
mentioned, the Petherwin beds are also marked by the presence of a 
minute Crustacean, Cypridina serratostriata, Sandb., which will be much 
spoken of in treating of the Upper Devonian rocks of Germany (Chap- 
ter XV.). The discovery in Britain of this small Crustacean was made 
long after the distinguished palaaontologists, the Sandbergers, had found 
it in myriads occupying the upper schistose and calcareous rocks of the 
Rhine, which Professor Sedgwick and myself had formeriy shown to pass 
immediately under the lowest Carboniferous deposit, and to be the true 
equivalents of our Upper Devonian rocks. The observation of F. Sand- 
berger (for it was he who first detected this so-called Cypridina in British 
rock-specimens, sent to him) has therefore been peculiarly valuable, as, 
by means of this minute but characteristic Crustacean, we now learn con- 
clusively that the limits of the Devonian rocks in South Britain have been 
correctly defined, their equivalents in Germany being similarly distin- 
guished by fossils. 

Devonian Rocks in Ireland , — In describing the Upper Silurian rooks of 
the Dingle promontory in Ireland, p. 178, a general section was given, 
with allusions to the labours of Sir R. Griffith, and those of Jukes and 

^ In tbe South of Ireland these Warwood beds are, perhaps, represented by the * Coomhola Grits * 
of the South of Ireland. 
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Du Boyer of the Irish Geological Survey, to show 
that the strata containing Wenlock and Ludlow 
fossils there graduate conformably upwards into a 
vast thickness of schistose and flaggy purple and 
greenish sandstones, surmounted by conglomerates. 
These, from the position they occupy, must re- 
present in time the slaty and calcareous Devonian 
rocks and their equivalent the Old Bed Sandstone. 
The greenish and purple flagstones immediately sur- 
mounting the Ludlow rocks, as I assured myself by 
personal inspection in company with Sir B. Griffith, 
Mr. Jukes, and Mr. Du Boyer, are followed by a 
great thickness of those hard, green, quartzose, 
coarse, gritty rocks, with interlaminated slaty layers, 
to which the name of ‘ Glengariff Grits ’ was at one 
time assigned. From their hard and semicrystalline 
character, whether they he examined in the Dingle 
Peninsula, at Glengariff, or in the lofty mountains 
(including Macgillycuddy’s Beeks) around the Lakes 
of Killarney, it is little likely that fossils will be de- 
tected in them. They often, indeed, assume that 
aspect which by old geologists would have been 
designated ‘ grauwacke ’ 

These purple and greenish grits, together with sand- 
stones and conglomerates of considerable thickness 
(the latter containing rolled fossils of the Upper Si- 
lurian rocks), constitute one physical mass. Their 
lowest part, being welded on to the Upper Silurian 
by the thin fissile strata above noted, may pass for 
the tilestones of the Silurian region of England and 
Wales. The great superior masses can only represent 
the chief Lower Devonian masses of Borth Devon 
and the Quantock Hills, as w^ell as those varieties 
of the Scottish Old Bed Sandstone of Scotland, par- 
ticularly in Forfarshire, which are grey in colour, con- 
glomeratic, and slaty. In fact, these great masses, 
regularly superposed as they are to the Upper Silu- 
rian, stand precisely in the same place as the lowest 
Old Bed Sandstones near Ludlow, the oldest sand- 
stones and grits of Borth Devon, the grits and 
slates of Coblentz and the gorges of the Bhine, 
and the conglomerates and sandstones of Forfax- 


* All these rocks art* now named ‘ Old Bed Sandstone * by the Irish Geological Surrey, both in Maps 
and Sections."^ anuary 1867. 
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shire. In Ireland the Middle DeTonian^ or the limestone of Devon- 
shire and the Eifel, 'v^hich, from its fossiliferous structure^ gives the 
dominant character of the system, is wanting, as indicated by the pre- 
ceding diagram, p. 281 ; for the lower slaiy grits {d) are unconformably 
overlain by sheets of red sandstone (/), more or less horizontal, which 
overlap the edges of the older rock. We have in this fact, the great hiatus 
which occurs between d and/, the most decisive proof that the central por- 
tion of the Devonian or Old Red system has been omitted in Ireland. 

In Ireland the lowest Carboniferous rocks, which are slaty, and are 
known as the Carboniferous Slates, stand precisely in the same geological 
position, in reference to the strata beneath and above them, as the Lower 
Calciferous Sandstone of Scotland, of which Edinburgh is built, and the 
Lower limestone-shale of England. They are only mentioned here to indi- 
cate their natural position in the general order of succession, and to show 
how completely I dissent from an opinion recently expressed by Mr. J. 
B. Jukes, that these Carboniferous Slates of Ireland occupy the lower 
part of that ’'which is known to be the Devonian formation of North 
Devon, as already described above. Generalizing from this assumption, 
Mr. Jukes infers that the great series which all geologists who have ex- 
amined the tract in the south-west of England call Devonian is nothing but 
the equivalent of the lowest member of the Carboniferous rocks of Ireland. 
He therefore infers that the belief of all other geologists in Europe and 
America must be overthrown, and the so-called Devonian system merged 
in the Carboniferous as being superior to the Old Red Sandstone ♦. 

The Carboniferous Slates of Ireland, which contain exclusively Carbo- 
niferous fossils and no Devonian forms, will be again briefly mentioned 
in the next Chapter. They have only been here alluded to in defending 
the truthfulness of the classification adopted, and the true position oc- 
cupied by the Devonian rocks in the general order of the palaeozoic depo- 
sits, which has been for the first time impugned by a geologist of repute t, 
but to whom I reply by indicating that the order of the very rocks in Ire- 
land to which he refers supports the view which I entertain, in common 
with all my other cotemporaries, as far as I know. 

Let me here, also, observe, that on the Continent of Europe there 
are many large accumulations of similar non-fossiliferous rocks with an 
equally antique aspect, which occupy the same place in the geological 
series. Thus, amidst the slaty and siliceous Devonian rocks of Germany, 
there are vast thicknesses of strata wherein few or no organic remains 
have yet been detected ; their age being only made known by their inter- 
mediate place in the series, and rarely by a calcareous fossil-bearing 
course. 

* Mr. Jokes, in his paper on this sol^eot (see to reconcile the facts with his own theory. (See 
Qoart Joum. Oeol. Boo. voL xxii. p. 321), admits p. 276 &c. ante^ in which it is shown that the de* 
that the order of Baocession in the rooks of North cisiTe Devonian fossils in these rocks are oom- 
Devon as given by Professor Sedj^ok and my- pletely subversive of Mr. Jukes's ‘ Carboniferous' 
self is oon^, and therefore is obuged to imamne view.) 
a great longitodinal fault of gigantio dimensions 
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There can, indeed, be no ambiguity in assigning to these vastly thick 
Irish rocks (d in the section p. 281), immediately and conformably sur- 
mounting the uppermost Silurian (c), their true stratigraphical place — 
particularly when we see that they are covered not only by a very full 
series of the Lower Carboniferous rocks (^, h)j but also by intermediate 
red conglomerate and sandstone of great thickness (/), to which, in Ire- 
land, the term Old Red Sandstone was once exclusively applied. 

This is the red conglomerate and sandstone (A) of the section, p. 178, 
which, in one tract, overlaps unconformably different members of the 
underlying rocks, and is itself conformably overlain by the Carboniferous 
rocks of the South of Ireland, and forms their natural foimdation. See- 
ing the rupture between it and all that is subjacent, Mr. Jukes and other 
geologists were at one time led to class this red sandstone and conglo- 
merate with the Lower Carboniferous rocks, including the Yellow Sand- 
stone and Lower Limestone-shale and Slate of Griffith, to which it is con- 
formable ; but the characteristic fossils of the supeijacent dark-grey 
and carbonaceous beds, such as Rhynehonella pleurodon and Spirifer cus- 
pidatus, have nowhere been detected in these red strata, — ^the only remains 
which might seem to connect them with the overlying Carboniferous strata 
being certain fragments of Plants apparently common to both, though of 
these, even, no mutual specific identity has yet been established. It must 
also be stated that these same beds, particularly in the district of Kil- 
torkan, contain species of fossils wholly unknown in the Carboniferous 
rocks. Such are some peculiar Lycopodiaceous plants, the Fern originally 
called Cyclopteris, now Sphenopteris (or Adiantites) Hibemica, and the 
large freshwater shell Anodonta Jukesii, Forbes. 

Fossils (76). Fossil Plant from the Yellow Sandstone op Ireland. 


Adiantites (Cyclopteris) 
Hibernica, Forbes, Re- 
port Brit. Assoc. 1852. 



From specimens in the 
Museum of the Geolo- 
gical Survey. 


The Plant figured here, Foss. 76, was described in 1852 (by Edward 
Forbes) as the remains of one of the oldest Tree-ferns then known to us, 
and as essentially distinct from any Plant of the Coal-period. 

Again, in these strata the teeth of a Dendrodus and one of the dermal 
plates of a Coccosteus have also been found, both of them Fishes known in 
the Old Red or Devonian period only. These beds, like the Upper Old 
Red Sandstone in many other countries, simply form a natural transition 
into the Carboniferous system. 
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I therefore range the uppermost beds of the Old Bed Sandstone of Ire- 
land with the upper division of the Old Bed of Scotland, which in the 
north extends into the Orkney and Shetland Islands, and as being also of 
the same age as the Petherwin beds in Devonshire and the plant-bearing 
Cypridinen-Schiefer or Uppermost Devonian of Germany — a band which 
in the two latter countries is united downwards with the other members 
of the Devonian rocks, and upwards with the Lowest Carboniferous 
strata. 

Becently the maps and sections of the Geological Survey ♦ illustrating 
the South-west of Ireland have appeared ; and in these Mr. Jukes and 
his assistants have laid down all the above-mentioned rocks which 
occupy the lofty mountain of Macgillycuddy’s Beeks, Mangerton, &c., 
extending by Kenmare to Glengariff, as that Old Bed Sandstone whose 
base, as before shown, passes down conformably into true Upper Silurian, 
and is therefore unquestionably Lower Devonian. In truth, these Old 
Bed slaty grits and schists of Ireland have a considerable resemblance 
to some of the Lower Devonian rocks of the Bhine and North Devon. 
Now these sections are quite in accordance with the observations made 
by Professor Phillips and myself (1842), in showing that in their great 
curvatures these rock-masses, ^whether consisting of slaty, grey, and purple 
grits and schists, or of red sandstone, all form one system, the upper 
part of which passes conformably under troughs of Carboniferous Slate 
and Limestone, though here and there faults occur at the points of 
junction. Lying between the Lower Carboniferous strata above and 
the uppermost Silurian below, these rocks, which are all termed Old 
Bed Sandstone in the newest maps of the Survey, can, therefore, be 
nothing else than the representatives in time of the Devonian system. 
Consequently I maintain that the natural sections of the South of Ireland 
are proofs of the truthMness of the Devonian classification. 

In subsequent chapters we shall see that where the Devonian rocks are 
much developed in different parts of Europe, and in the Bhenish Provinces 
especially, they are divisible into three parts as in Scotland and Eng- 
landf. It wiU further appear how, in other tracts, and particularly in 
Bussia, the Ichthyolites of the Old Bed Sandstone of Scotland and the 
marine Shells of Devonshire, Germany, France, and Spain are found united 
in the same strata, thus demonstrating the synchronous accumulation 
of deposits which, although they differ considerably in mineral aspect, 
occupy precisely the same stratigraphical place in the general series of 
deposits. 

In quitting the consideration of the highly diversified and important 
group of the Devonian rocks or Old Bed Sandstone of the British Isles, it 
must not be forgotten that, whilst some of its lowest members have 

* See tile Sheets 173, 188, 16^ 191, 192, & 199 of t See the triple division of the Devonian rooks 
the Geolo^oal Survey Map of Ireland. Also the by Sir C. Lyell, Manual of Bleinentary G-eology, 
lai|(e Sections, pL 21. 6th edit. p. 424. 
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rarely afforded traces of Land Plants, its central and upper partis in Shet- 
land, Scotland, Devon^liire, and Ireland contain, as in North America, 
numerous vegetable remains, including Tree-ferns and probably Calamites. 
We must equally remember that some of these Plants are associated, 
particularly in Scotland, with the peculiar Ichthyolites of this epoch, 
and occur in strata which there also rise out from beneath the lowest 
Carboniferous rocks. 
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CHAPTEE XII. 

OAEBONIFEEOUS BOCKS. 

CHEAT PRIMEVAL FLORA THE SOURCE OF THE OLD COAL DEPOSITS. — GENERAL VIEW OF THESE 
DEPOSITS AND THEIR ORGANIC REMAINS IN THE BRITISH ISLES. 

AscBin)iNG in tiie scale of deposits, we have now reached another grand 
accumulation of strata, which is not only replete with many types of 
animal life peculiar to it and unknown in antecedent periods, but is spe- 
cially characterized by the earliest very abundant remains of a terrestrial 
vegetation. The reader will remember that feeble traces only of Land 
Plants have been discovered in the uppermost Silurian rocks. In the 
Devonian rocks, also, such remains, as before stated, are comparatively 
rare *, and only abound when we have passed upwards and are surrounded 
by the spoils of the oldest extensive forests with which we are acquainted. 

Now, as these primeval Plants were the substances out of which the 
great mass of coal has been formed, so we meet for the first time, in 
mounting up from the basement-rocks, with a profusion of the impressions 
and casts of Plants in stone. Some idea of the characters of the luxuriant 
vegetation which must in this age have overspread very wide areas of 
land, from polar to nearly equatorial latitudes, may be formed by inspect- 
ing the annexed woodcut, in which an ideal representation is given of a 


Ideal View op the Vegetation of the Carboniferous Era. 

portion of the earth’s surface as clothed with Plants the fragments of 
which bespeak a rich flora of Vascular Cryptogams, whose fossilized stems 
and leaves occur frequently in the shale and sandstone of the coal-fields, 
and, indeed, constitute the coal itself. In the standard work of Bronn, 
von Meyer, and Gdppert, which gives the most complete general tabular 

» rare in Britain. Land Flanta are comparative] j numerous in the Devonian rooks of GaBptf 

»nd New Brunswick, as wiU be shown hereafter. 
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viw of andent nature hitherto puhliahed*, Profeaeoar Ooppert estimateB 
the total number of known spedes of fossil plants of this great Carbo- 
niferous era as 934, which are thus distributed ; — 

Plant-® 879 : — Cellular es, including the Fungi, Algee, <fec., 13 ; Fascit- 
lareSf 866 ; of which 772 are Cryptogamous Plants, or Ferns, Calamites, 
Asterophyllites ; and 94 are Phanerogamous Plants, such as Cycads, 
Conifers, &c. 

The result arrived at by this botanist agrees generally with that of his 
precursor in this line of inquiry, M. Adolphe Brongniart, who first gave to 
the world a general and philosophical view of the distribution of former 
vegetation. On his part Prof. Gdppert has not only added considerably 
to the number of species, but also to the number of coniferous or forest 
trees f. 

Both, however, of these eminent men, as well as many other botanists, 
are agreed in the opinion that, as the great mass of the Plants belong to 
the vascular cryptogamic class, the conditions of climate under which such 
vegetables grew in very various latitudes constituted a phenomenon espe- 
cially characteristic of the Carboniferous period. These Plants are, in 
fact, as characteristic of the Carboniferous period as the Trilobites and 
Graptolites are of the Silurian era. Whilst the earlier system is almost 
exclusively marked by its marine contents, the Carboniferous deposits owe 
their chief features to the actual presence or the contiguity of lands 
covered with a peculiar vegetation, which, disappearing with the youngest 
Palaeozoic strata, now called Permian, was never afterwards reproduced 
upon the earth ; for no one of the floras of subsequent geological periods 
possessed those characteristic features of rank gigantic Cryptogamia, indi- 
cative of a peculiar, warm, moist climate, which so prominently marked 
the vegetation of the earliest great woody epoch. 

In most of their stony characters the successive strata of the Carboni- 
ferous rocks do not difler essentially from many which had preceded them, 
like the Silurian and Devonian, they contain beds of pebbles or conglo- 
merate, sandstone, shale, and limestone, though they seldom exhibit a true 
slaty cleavage J. But, when examined more in detail, they are foimd to 
vary considerably in their nature and contents in different parts of the 
world. In subsequent Chapters a few allusions will be made to these 
variations in other countries ; but for the present we will take a cursory 
view of some of their features only in Britain. 

Lower Carhmiferotis Rocks of Great Britain , — In the region represented in 

* Bronn’fl G-eBohiohte der Natnr, vol. iiL part 2. X parts of Franoe the Carboniferons rooks 
The so-ealled * Transition ’ plants of G5ppert are are rery orystalline and >la^ as 1 hare shown in 
induded in this list, because it has been asoer- a memoir on the environs ofViohy : Quart Joosi. 
tained that nearly all of them occur in strata Geol. Soc. vol. vii. p. 14. In some of these much 
wUch, formerly viewed as ancient * ^uwaok^,' dislocated, schistose, and greywaokb-like rodu of 
are now known to be of no higher antiquitg^ than the Bichon, 1 obtained s)^oimens of Carbonife- 
the lower division of the Carboniferous rooks. rous species of Chonetes, rhillipsia, Orthia, Pi^ 

t Geinitz, Dawson, and others have added still ductus, &o., in 1850. In the South of Irehmd, also* 
further to the known species of Palssozoio vege- the Lower Carboniferous strata are slaty, 
tation. 
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tlie map annexed to this work, the Carboniferous rocks are most fully develop- 
in the great South- Welsh basin of Carmarthen, Glamorgan, and Monmouth 
where an ascending order from the summit of the Old Bed Sandstone, througl 
shale, limestone, sandstone, and grits, upwards into an enormously thick coal 
field, is clearly exhibited in lofty escarpments, particularly around the northein 
eastern, and western edges of that grand basin. The same succession, though oi 
a minor scale, is seen around the smaller basin of the Forest of Dean, and again 
with certain mineral variations and an expansion of the lower shale, in th< 
county of Pembroke, 

Towards the north, the calcareous and lower members of the series are mor< 
developed, as observed in the Oswestry coal-field, and in Shropshire and Flint- 
shire, than in most parts of South Wales. This expansion of the inferior zone 
of these rocks towards the north becomes still more striking in the range of th^ 
strata from Derbyshire into Yorkshire and Northumberland, and particularly ir 
the great central Carboniferous trough of Scotland. 

In some of the coal-tracts within or adjacent to the Silurian region, as a1 
Dudley and Wolverhampton, the whole base and central mass of the group, oi 
the Carboniferous Limestone and the Millstone-grit, are wanting, the upper 
productive measures there reposing at once on Silurian rocks (see woodcut, Sil. 
Syst. p. 79). In those districts, however, and along the banks of the Severn, 
good evidences are obtained of the relations of the coal-strata to the overlying 
red deposits now termed Permian, of which hereafter. 

When viewed, therefore, as a whole, particularly in the region of the coloured 
map, the Carboniferous group (b to ff) may be stated to lie between the sub- 
jacent Old Bed, a, and the red overlying Permian, h, thus : — 

General Belations op the Carbonipbrous Bocks in the Central and Southern 
Parts op England. (See Sil. Syst. p. 79.) 
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. Pepper beds of the Old Red Sandstone (Devonian), b. Sandstone and Lower 
Limestone-shale, c. Carboniferous Limestone, d. Millstone-grit. e. Coal and iron- 
stone. /. Main Coal-measures, ff. Upper cjoal with a peculiar limestone, h. Red 
sandstone (base of the Permian rocks, here represented as conformable to the Coal, 
but usually transgressive.) 

As it is impracticable to treat in detail of the various component parts of the 
strictly Carboniferous deposits in different British districts, a slight sketch only 
of some of their peculiarities is attempted in the following pages. 

Separated from the upper band of the Old Bed Sandstone by beds of dark and 
party-coloured shale (h of the section), the Carboniferous or Mountain Lime- 
stone, c, is the dominant rock of the lower division in the South of England. 
The massive nature of these calcareous strata and their vast development in 
Derbyshire, Yorkshire, and Northumberland have long been well known to 
geologists. Of late years attention has been directed to tlie still greater expan- 
sion of the middle and lower strata in Scotland, where so many beds of excellent 
coal and much valuable iron-ore are interstintified with various bands of the 
CarboniferouB Limestone, of which hereafter. 

Within the region, however, of the annexed map, this Carboniferous Lime- 
stone (20CX) feet thick) is of simple and uniform structure, and contains no 
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coal-seams. Along the rim of the great South- Welsh coal-field, or when 
traced fi?om Carmarthen into Pembrokeshire, it is exhibited continuously 
in bold coast-clifis, particularly in the promontory of Stackpole, where it is much 



Cliffs of Carboniferous Limestone near Stackpole. 
(Sketched by Lady Murchison. From Sil. Syst. p. 382.) 


contorted, as in these two sketches. The first of them represents the contortions 
of the rocks, with their numerous clefts or open master] oints, which by the 
power of the waves have been so widened as to form extensive caverns, as seen 
near Bull-Slaughter Bay. The next is a view of one of the detached folds of 
the same limestone, known as Stackpole Bock. Though these cliffs seldom 



Stackpole Bock *. 

(Sketched by Lady Murchison. From Sil. Syst. p. 370.) 

exceed 160 feet in height, yet, being precipitous and abrupt, they present a very 
rugged, wild, and picturesque barrier to Hie sea, when viewed from the shore — 
rivalling, indeed, the bold Northumbrian coast-cliffs of the same age, as exhibited 
between the Bivers Alne and Tweed. 

^ These striking oliffs are the property of my Golden Gro-ve (see the distant edifloe in the 
friend Earl Cawdor, whose chief residence, Stack- sketch, p. 54) is on the Llandeilo flags of the 

S ole Court, is situated on the Carboniferous Lower mlurian rocks, 
limestone, and whose other Welsh residence, 



290 


SILUEIA. 


[Chap. XII. 


Having alluded to the convolutions of the Pembrokeshire limestone^ it is right 
to explain that the violence of the movements which produced them affected 
still more remarkably all the overlying Carboniferous rocks of that region^ and 
particularly the coal. Thus the latter, which is there nearly all in the state of 
culmf or anthracite, has been for the most part shivered into small fragments, 
and is frequently accumulated in little troughs or hollows, the ^ slashes^ of the 
miners. Of^the great lateral pressure and violent fractures to which the strata 
have been subjected, the following woodcut may convey some idea. 

Slash op Culm, in Pbmbeokeshire. (Prom Sil. Syst. p. 377.) 


b 



a. Contorted Culm strata, with stone-coal, h. Fault, c. * Slash’ of finely triturated 
culm between violently contoii^d strata, and probably upon a great line of fracture. 

All these convolutions and fractures were produced long after the solidification 
of the deposits under review. 

Whilst the Carboniferous Limestone is separated, as before stated, from the 
Devonian, or Old Red, by shales (which in Pembrokeshire are in parts both 
sandy and calcareous), it is there, as in most other districts of England, sur- 
mounted by light-coloured sandstones of considerable thickness, known under 
the name of Millstone-grit. 

The English student may, in a small compass, examine the Carboniferous series, 
fix)m its base upwards to the productive Coal inclusive, on the south-east slope 
of the Titterstone Clee Hill in Shropshire J. Ascending from a depression in 
the Old Red Sandstone near Cleobury to the eastern summit of that hill, he 
passes successively over the three divisions of Shale and Limestone, Millstone- 
grit, and productive Coal, — ^the whole being capped by basalt, which is seen to 
have been erupted through the entire series, and to have overflowed on the top 
of the hill. 


Section across the Cornbrook Coal-basin op the Clee Hills, 
(From Sil. Syst. p. 113, pi. 30. f. 6.) 


« 



a. Upper bede of Old Bed or Devonian. 6. Carboniferous Shale and Limestone, e. 
MiUstonrgrit. d. Coal-measures. . Erupted basalt, which has risen through and 
overflowed the coal. 


The Lower Carboniferous members, or the shale, limestone, and grit (6, c), are, 
however, of small dimensions in and around the Silurian region, when compared, 

t The wiationB in mineral character of the an- great mineral changes, within a few miles, of the 
ihraoitio or culm trongh of North Devon (doubt- same rocks in our own isles, 

«ten.ioaV the PeMbrok»hik coal- I Anyone «]>? 


t The variations in mineral character of the an- great mineral changes, witmn a lew miies, oi wie 
ihraoitio or culm trongh of North Devon (doubt- same rocks in our own isles, 

Stenrioulf the Pembrokwhi™ coal- I Any one «;>? 
flald) have been partiaUy adverted to in the pre- peenlimtiee of thia ^-fleld may r^ to me 
viooi Chapter (.m p. 2fl-4, andMotion, p. 872). ‘ Sitanan rf TO 

One thin course of black limestone with Posi- ® vertical 

donomym is, in North Devon, the true repre- through the ^ta the 

sentative of the massive, white, calcareous cliffs extr^on of coal by shafts from beneath the 
of the opposite coast of Pembroke, and of the overlying table of basalt, 
diversill^ North British series: so mnch for 
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I repeat, with their representatives in Derbyshire, the north of England, and 
particiilarly in Scotland, where they swell out into a vastly thicker series. In 
Pembrokeshire, also, these Lower Carboniferous rocks expand to some extent 
and begin to assume the Irish type. They contain Fishes (Palaeoniscus, Psam- 
modus, &c.), with marine Shells, at their base. In the north-western parts of 
Lancashire and Yorkshire, also, as described by Prof. J. Phillips, those strata 
consist, in ascending order, of the Great Scar Limestone, estimated to vary in 
thickness from 600 to 1000 feet, — followed, in the west of Y orkshire, by consider- 
able alternations of shale and limestone, called by Professor P hilli ps the ^ Yore- 
dale Series,’ and considered by him to be about 1000 feet thick ; while the whole 
is surmounted by 800 feet of Millstone-grit 

North^Northumhrian and Scottish Coal . — Besides its grand protrusions of basalt 
and greenstone, the coast of Northumberland and South Berwickshire exhibits 
these Lower Carboniferous Limestones, much intruded upon by igneous green- 
stones and basalts, and opening out into different courses and interlaced by copious 
masses of schist and several coal-seams. One of the calcareous bands, near 
the centre of the group, is especially characterized by the Posidonomya Becheri 
of Bronn. Now it is to be specially noticed that it is through this striking spe- 
cies (which occurs also in the ^ Calp ’ of Ireland) that the thin beds of black 
Culm Limestone in Devonshire, wherein it also occurs, are known to be of this 
age (see section, p. 272). This fossil is, further, of frequent occurrence in the 
schists and ^ Kiesel-Schiefer ’ of the Rhenish Provinces of Prussia, both with and 
without limestone, and is therefore a good type of the Lower Carboniferous age. 
It was by such proofs, and by the order of the strata, that Professor Sedgwick 
and myself showed how the Rhenish schists with Posidonomyse were the exact 
equivalents of the British Carboniferous or Culm Limestone of Devon, and 
how the sandstone which overlies them (the ^ Jiingere Grauwack^,’ or ‘ Flotz- 
leerer Sandstein ’ of the Germans) is the representative of the British Millstone- 
grit t. 

Ascending from the uppermost Old Red (occasionally a yellowish sandstone 
characterized by the Holoptychius Andersoni and Pterichthys hydrocephalus of 
Agassiz), the Lowest Carboniferous beds, as seen in the counties of Haddington, 
Edinburgh, and Fife, consist of a very thick series of sandstones and shale (laden 
with the remains of Plants), and occasional courses of limestone, to the lower 
mass of which that sound geologist Mr. Charles Maclaren J assigned the general 
name of ‘Calciferous Sandstones.’ In the environs of the Scottish metropolis, 
the Lowest Carboniferous zone ranges from near Portobello, on the east, to Lin- 
lithgow, on the west, the city of Edinburgh being entirely built of its excellent 
freestone. It also contains thin layers of coal, though the mineral is rarely of 
sufficient value to be worked. The upper portion of this lowest member, par- 
ticularly in Edinburghshire and Fifeshire, exhibits those courses of limestone 
(one of the thickest masses known being at Burdie House) the beds of which 
are charged with numerous fossil Fishes, such as Holoptychius Hibberti, Pa- 
Iseoniscus Robisoni, Pygopterus Bucklandi, Eurynotus crenatus, Megalichthys 
Hibberti, &c. Some fossils of this baud, including the Unio-like shells called 
Anthracosia, with dwarf Leperditiaa, indicate the deposit as having been formed 

* See the memoirs of Professor Sedgwick, * On account of the Yoredale rocks and MiUstone^gxit 
the General Structure of the Cumbnan Moun- of North Staffordshire, Derbyshire, Cheshire, and 
tains,' and *On the Carboniferous Chain from Lancashire the student is referred to Messrs. 
Penyghent to Kirkby Stephen' (Trans. Geol. Hull and Green’s memoir in the Quart Joum. 
Boo., n. 8., vol. iv. pp. 47 et aeq.); also Phillips, GeoL Soa vol.^. P-242. ^ 

Geology of Yorkshire, vol. ii., a most valuable mo- t See Trans. Geol. Boo., n. s., vol. vi. p. 228 at sag. 
noatKph of the native county of the distinguished j G eology of Fife and the Lothians, 1889. 
auwor. For a most instructive and trustworthy 
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in brackish-water bays or estuaries^ in which large and predaceous Sauroid Fishes 
prevailed. 

The next zone, in ascending order, and in which lie some of the most productive 
coal-fields of Scotland, is, on the contrary, one of purely marine character, in respect 
to its fossil-bearing limestones, since all these calcareous beds, which alternate 
with coal, shale, and sandstone, are charged with the Sea-shells of the Mountain 
or Carboniferous Limestone ; for, as all these limestones (of which the Govern- 
ment Geologists Messrs. Howell and GeiMe * have mapped eight distinct beds 
in Mid- and East Lothian) are laden with well-known Product!, Bellerophons, 
Orthoceratites, and other Mountain-limestone types, the true geological horizon 
of this part of the great Scottish coal-field is absolutely determined, being mani- 
festly older than the chief productive overlying coal-fields of England. 

A general conception of the most productive Scottish coal-fields may be gleaned 
from an inspection of the section (p. 161) representing the order of the geological 
series in the western parts of Lanarkshire t* There, in proceeding upwards from 
the Upper Silurian rocks and Old Red Sandstone, the succession is admirably 
exposed on the sides of the brooks which descend from the higher moorlands. 
In these ravines the student sees, exposed to day, the manner in which several 
bands of limestone, charged with Product! and various other fossils, alternate 
with shales replete with Plants, and seams of coal, as well as with courses of the 
celebrated carbonaceous iron-ore known as the ^ Black Band ’J. 

In the border tracts between England and Scotland we have yet to ascertain 
the extent to which the Coal-field of Canoby in Cumberland may be prolonged 
under the red sandstones, breccias, and conglomerates of Permian age in Dum- 
friesshire. In Ayrshire, indeed, from beneath those red Permian sandstones 
which will subsequently be described, there rises a true Upper Coal-field, with 
the underlying limestones and sandstones. Again, in the basin of the Clyde, as 
well as in the Dalkeith and Fife Coal-fields, the same upper series is separated 
from the older zone of the limestones by a representative of the Millstone-grit, 
on which it rests. 

Mr. Geikie has favoured me with the following description of the Carboni- 
ferous series in the parts of Scotland which he has surveyed : — 

“In Berwickshire, and northwards through East Lothian to the Ochil Hills, the 
upper red and yellow members of the Old Red Sandstone are found to graduate 
upward into the base of the Carboniferous series. In the western districts of Scotland, 
on the contrary, that series seems, at least in wide areas, to have no determinate base, 
but to lie unconformably on older formations. Arranged in descending order, the fol- 
lowing tabular grouping of the Scottish Carboniferous rocks has been made out : — 

* Afl Director-&eneral of the G-eologioal Survey by Mr. Q-eikie across the well-known hill of Ar- 
of the British Isles, it is my duty to ex])lain that tnur’s Beat at Edinburgh, as published at the foot 
the boundaries, subdivisions, and details of the of the G-eological Map of Scotland by that author 
Carboniferoiis masses, and their relations to Silu- and myself. Even whilst I -write, Mr. &eikie is 
riai^ Old Red, and igneous rocks in the counties of about to show that the last great eruption of ig- 
Edinburgh, Haddington, and Fife, or around the neous rocks in Scotland took place af^r the for- 
Scottish metropolis, were first defined upon the mation of the Middle Tertiary or Miocene depo- 
six-inch maps, and are now published on tne usual sits. In 1858 the Rev. T. Brown transmitted to me 
one-inch scale. The Ofiicers of the Geological a valuable detailed section along the south coast of 
Survey have delineated with precision the relations Fife, showing the vast thickness of the inferior se- 
of ^1 the trappean or igneous rooks, so rife in that lies of sandstones and shale with eight calcareous 
region of Scotland, whether they be the great co- courses and five beds of the ordinary Carboni- 
temporaneous felspathic agglomerates and fel- ferous or Froductus limestone, the whole being in 
stones which are splendidly exhibited in the coast- great undulations, with many protrusions of ig- 
cliffs between North Berwick and Dunbar, or the neous rook. The details are published in the 
numerous rocks of greenstone and basalt which, Quart. Joum. Geol. Soc. vol. xv. p. 59. 
in the Lothians or in Fife, have been subsequently t See also Page’s Advanced Text-Book of Geo- 
intraded among the Carboniferous strata. The logy, p. 137. 

reader who desires to understand how these ig- J See my memoir ‘ On the Silurian and Lower 
neous operations have been in play during recent CarboniferousBocks of I^smahago,’ in the Journal 
geological times should consult a section drawn of the Geological Society, vol. xii. p. 16, &c. 
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^6. Bed aandatonea and sandy marls, with Carboniferous Plants in some 
places, and in Ayrshire with a band of limestone containing Spirorbis 
< carbonarius. 

4. Upper Coal-measures — a series of sandstones, shales, ironstones, and coals, 
with Anthracosia &o. 



3. Moor-rock — a group of white or grey sandstones, generally persistent 
throughout the Coal-fields, and believed to represent the Millstone- 
grit. 


( 


ij|i 

I ill 


2. A group of sandstones, shales, coals, and ironstones, with bands of 
Encrinital limestone chiefiy at the top and bottom. 


I 1. Sandstones, argillaceous and bituminous shales, a few thin coals, bands 
^ of Entomostraoan limestone, and courses of shale or marl and ce- 
ment-stone : known as the “ Calciferous Sandstones.” 


“1. At the base of the series lies a group of strata which present considerable diver- 
sities of character as they are traced across the country. In Berwickshire they occur as 
a thick series of rapid alternations of greenish, reddish, and grey sandy marls or shales, 
with bands of sandstone and cement-stone. In the east part of East Lothian the marls 
and cements give place to yellow sandstone and dark shales, with even two or three 
thin coals. The same character marks the strata as they advance into Mid-Lothian, 
while it becomes especially conspicuous in the western parts of that county and in West 
Lothian, where the bituminous shales are now largely worked for oil. In this group of 
rocks the well-known sand.stones of Craigleith and the limestone of Burdie House occur. 
Ganoid Fishes of the genera Holoptychius, Ehizodus, Megalichthys, PaljEoniscus, Am- 
blypterus, &c., with Schizodus, Edmondia, and other Shells, various Entomostraca, and 
plants such as Sphenopteris, Ltpidodendron, Stigmaria, &o., are among the most 
marked fossils. In the east of Fife the organic remains have a markedly marine cha- 
racter, consisting of Crinoids, Echinoids, Brachiopods, &c. In the western districts, 
from the Campsie Hills to tlie south of Ayrshire, the Berwickshire phase of this series 
reappears ; and we there find a group of thin-bedded, green, red, and grey sandy marls 
and cement-bands, the whole series being sometimes, as in Ayrshire, remarkably in- 
constant. 

“This lowest group of the Scottish Carboniferous series is marked by abundant 
evidence of contemporaneous volcanic action, both on the east and west sides of the 
kingdom. 

“2. The Carboniferous Limesfone aenee diSers from that oftheiypical English dis- 
tricts, inasmuch as its limestone is confined to only a few bands, which appear chiefly in 
the upper and under parts of the group, the intermediate space being occupied by ^d- 
stones, shales, coals, &c., of the usual Coal-measure type. In Mid-Lothian tliis series is 
1590 feet thick, and contains six limestone bands and fourh'cn workable coals. In the 
south part of Ayrsliiro the thickness is about 350 feet, there being several workable 
seams in the Dalmellington district, and in the Dailly coal-field seven seams, liaving a 
total thickness of 45 feet of coal. 

“ The fossils of this group are of the usual Carboniferous Limestone types, with the 
addition of a large assemblage of Carboniferous Plants. 

“ Contemporaneous volcanic rocks abound in this series. They are especially con- 
spicuous in the^Lothians and Fife, where they consist of sheets of basalt and doleritie 

trap, with ash and ashy beds. , . . • t i, 

“3 Moor-rocIc.—This group of white sandstones and grits is well seen in Lanark- 
shire and Linlithgowshire. It occurs likewise in the Lothians and Fife, and appears 
also to run, though in a less marked development, to the south of Ayrshire. These 
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Bta*ata lie between the Lower and the Upper Coals, and may represent the English 
Millstone-grit 

** 4. Upper Coals . — These occur in a thick series of sandstones, shales, fireclays, &c. like 
those of the Lower Coal Group. It is this upper series which forms the greater part of the 
coal-field of Ayrshire, and of that which stretches from Glasgow to Bathgate. It oc- 
cupies likewise the centre of the Mid-Lothian coal-field, and crosses the Firth of Forth 
into Fife. The fossils of this series of strata are chiefly Plants, with Shells of the 
genera Anthracosia, Myalina, Ac., scales, spines, &c. of Rhizodus, Megalichthys, Ctena- 
canthus, &c., bones of Anthracosaurus &c. 

“ Contemporaneous volcanic rocks have not yet been clearly detected in this group ; but 
in Ayrshire it is pierced with necks and bosses of felspathic trap and ash of Permian 
age ; and both in that county and in other districts it is cut through by dykes and 
masses of dolerite, which are, at least in part, of Tertiary age. 

“ 6. Red Sandstone.*^ and Marls . — These overlie the Upper Coals in Ayrshire, Lanark- 
shire, Fife, and Mid-Lothian. For the most part they are barren of organic remains, 
though in some of the argillaceous beds Carboniferous Plants occur, while in Ayrshire 
a seam of limestone near the top of the series contains Spirorbis carbonarius. In Ayr- 
shire these red sandstones sometimes rest directly upon the Carboniferous Limestone, so 
that they are not always conformable to the rest of the Carboniferous formation below. 
In the same county they are overlain by the Permian sandstones and volcanic rocks.” 

Lower Carboniferous Rocks in Ireland . — In no portion of Europe, except 
Russia, are the Lower Carboniferous rocks more widely extended than in Ire- 
land, and at the same time so little productive of coal. This is doubtless in some 
measure due to the fact that by far the greater portion of the Irish series per- 
tains to the Lower Carboniferous division, which, though it is in Scotland, as 
above stated, very rich in coal and iron, exhibits no such qualities in those parts 
of England which lie in the same parallels of latitude as the mass of the Irish 
rocks of this age. Exclusive of the strata that are separated as being of Old 
Red or Devonian age (see p. 283), the < Yellow Sandstone ' of Griffith, so defined 
where it is interstratified with limestone and shale containing Carboniferous fos- 
sils with Stigmariae, as in Scotland, is the oldest member of the system. This is 
followed upwards by schists, which assume a true slaty structure, particularly in 
the Cork district, and alternate with courses of limestone. The middle portion 
is composed of the great Lower Limestone, followed by the dark-grey earthy 
limestone known under the name of ^ Calp ; ' whilst the ‘ Upper Limestone ’ of 
the midland and southern districts of Ireland is covered by the ^ MuUstone-grit ’ 
with a little coal. 

Reposing conformably upon the Upper Red Sandstone described in the last 
Chapter (see general section at p. 281), this great succession of sandstone, lime- 
stone, and shale, the last occasionally aflected by a slaty cleavage, is seldom, 
indeed, seen in one clear and consecutive section. Carboniferous Slates, forming 
the lowest part of the Irish series, are abundantly displayed on the coasts of the 
County of Cork, where their relations to the inferior and superior strata are 
very clear, and were long ago satisfactorily pointed out by Sir Richard Griffith, 
and have since been described in detail by Mr. Jukes. I have shown in the 
previous Chapter how these Carboniferous Slates overlie everything to which 
the term ^ Devonian ’ has been applied. The fossils of the slates are all truly 
Carboniferous, resembling those of the lowest Carboniferous zone near Barnstaple 
in Devonshire, and are clearly separable, as proved by Messrs. Salter and 
Etheridge, from the characteristic types of Upper Devonian age. It is, how- 
ever, to be noted that these Irish Carboniferous Slates so much resemble rocks of 
older age in their lithological conformation and oblique cleavage, that, but for the 
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difference of their fossils and their place in the order of the deposits, they might 
be mistaken. It is the strong lithological resemblance which led Mr. Jukes to 
compare with them the lowest slaty rocks of Devonshire, which, containing very 
different fossils, stand, in my opinion, precisely in the same position as that in 
which Sedgwick, De la Beche, and Phillips, as well as myself, have placed them. 
(See above, pp. 282 & 284). Undulating over very wide areas, the Carboniferous 
Limestone is usually much obscured by gravel, shingle, and day. Even when the 
limestones form natural escarpments, they exhibit no seams of coal worthy of 
notice — as, for example, on the south bank of Lough Erne, and in the hills near 
Florence Court to the south of Enniskillen, where they exhibit a splendid suc- 
cession and contain numerous fossils, including large Product! in the lower, and 
Posidonomyte in the higher strata. In the Cork district, indeed (where the 
lower schists are so slaty and crystalline that lithologically they resemble much 
older rocks), a little coal of slight value has been found — a very feeble represen- 
tative of the great Scotch coal-deposits of similar age. 

The limestone series of Ireland is proved to be of exclusively marine origin, 
from the multitude of well-preserved fossils it contains ; and of these Sir Richard 
Griffith (with the assistance of Professor M^Coy) some time ago prepared a de- 
scription of about 600 species *, some of which are stated to be identical with 
those of the Devonian rocks, but altogether different from those of the Silurian 
system. These lower members of the system constitute, as before stated, by far 
the larger portion of all that is Carboniferous in Ireland, and are surmounted 
(but very partially) by grits and sandstones, in which, at four localities (Kilkenny 
in the south, and Bally castle, Dungannon, and Coal Island in the north), a few 
thin beds of coal are situated ; but as, with the exception of the Kilkenny coal- 
field, they are of comparatively slight and only local value, and have no special 
bearing on the object of this work, I refrain from saying more respecting them. 

The Lower Carboniferous strata hitherto spoken of (or the sandstones, shales, 
limestones, and grits) are, all over Europe and North America, for the most part 
of marine origin. The arenaceous and schistose lower strata have, indeed, 
strong mineral and zoological affinities to the upper portion of the underlying De- 
vonian rocks, into which they graduate. On the whole, however, and notably 
in its great central masses, this lower division is distinguished from the Devonian 
by its'chief animal remains (including certain genera of Fishes), and, above all, 
by the intermixture of many more terrestrial Plants than are known in any beds 
of the preceding epoch. With repeated evidences of thin seams of coal being 
intercalated with bands of limestone of exclusively marine or estuary cha- 
racter, it is indeed a fair inference that much of the vegetable matter out 
of which such Lower Coal was formed had been often transported in large 
matted masses from the mouths of great rivers, or drifted from the shores^ of 
broad jungles, into the adjacent seas, and so became commingled with marme 


remains. j- -n i j Ttr i 

Upper Carhomfe 7 'ou 8 series^ or productive CoaUJiehh of England and Wales,-- 

When we examine the nature of the great overlying coal-strata, an order of things 
is opened out to us to a great extent difterent from that which prevailed dunng 

the formation of the Lower Carboniferous rocks. , ^ v 

If, indeed, we turn to Germany and France, we see a general physical pheno- 
menon sufficient to explain the change from marine to prevailing terrest^al con- 
ditions In those countries the Lower Carboniferous strata had been ^located 
and incHned before the Upper Coal-deposits began to be accumulated on their 


A Synopsis of the Characters of the Carboniferous Limestone Fossas of Ireland, 1844, 
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edges ; and hence we can apply to the latter a physical explanation of their me- 
thod of formation which is quite inapplicable to the former. In short, the origin 
of coal in the younger of these accumulations may be very well accounted for by 
the depression of low woodlands and jungles beneath fresh water, followed by 
subsequent elevations and depressions — phenomena which cannot be admitted 
into our reasoning so long as we refer to the marine conditions which prevailed 
in the older Carboniferous era, many of the strata of which must have been 
accumulated in deep seas. 

In Britain, however, there is no such abrupt severance in the middle of this 
natural series j and yet we there see the same changes from marine or estuary 
conditions to a terrestrial state as in those regions which have undergone a great 
physical disturbance. Thus, in the thick overlying Coal-measures of Newcastle 
and Durham, we lose all traces of marine life, and can recognize only huge accu- 
mulations of lacustrine or fluviatile origin. In South Wales, on the contrary, 
where the Coal-measures are estimated to attain the great thickness of 12,000 
feet, and one hundred coal-beds are, it is said, intercalated at various levels, 
we have imdeniable evidence of alternating marine conditions ♦. At the same 
time, each of these coal-seams has immediately beneath it a band of clay or sandy 
shale, called ^under-clay,’ abounding in Stigmaria, or roots of Sigillaria, one 
of the plants from which coal has been generated. For this last important fact 
science is chiefly indebted to Sir William Logan, who, when assisting Sir H. De 
laBeche in mapping the South- Welsh Coal-basin, demonstrated that the ^ under- 
clay ’ of the miner had been the soil of a primeval marsh or jungle. (See also 
Mammat’s * Geological Facts,’ &c. 1834, p. 73.) The woodcut in the beginning 
of the Chapter is intended to convey a general idea of the nature of the wet 
and swampy tracts in which the vegetation of this period flourished. 

The comparative rarity of true dicotyledons or forest -trees in this flora, due 
perhaps in part to the rapid decomposition of vegetable bodies in a moist warm 
climate is as remarkable as the extraordinary uniformity in the families of 
Plants of which it was composed. These consisted chiefly, as before said, of 
Lepidodendra, SigillariaB, Calamitacese, and Ferns, with some curious extinct 
Pine-trees, some of which resembled the living Araucaria of Norfolk Island. 
As many of these are found in the roof of the coal, and even in the coal it- 
self J, there can be no doubt that, in most of these cases, the mineral resulted 
from the decomposition and fossilization of the Plants which grew in exten- 
sive marshy jungles. It may fairly be inferred that this conversion of vege- 
tables into coal took place at a period in the formation of the crust of the earth 
when very different physical conditions prevailed, and when a warmer and more 
equable (though probably not a hot) climate pervaded our islands, as well as la- 
titudes far to the north and south of them. The view which supposes many and 
successive subsidences of vast swampy jungles beneath the level of the waters 
best explains how the different vegetable masses became so covered by beds of 
sand and mud as to form the sandstone and shale of such coal-fields. The theory 
of oscillation, however, or of the subsidence en masse of ancient marshes and their 

^ Marine Shells have been found associated with J Few persons, who are attentive observers of 

some of the lowest beds of coal which have been the fuel tney consume, will have failed to detect 
worked in the South -Welsh Coal-field ; Sevan, the forms or plants in the coal itself. GUpperthas, 
British Assoc. Bepo^ Trans. Sect. 18.58. See also indeed, demonstrated,by microscopic examination 
Mr. Salter’s appendix to the ♦ Iron-ores of South (and Witham in part anticipated him, ‘ Observa- 
Wales,’ Geol Burv. Memoirs, 1861. tions on Fossil Vegetables,’ 1833), that the vege- 

t See Hawkshaw, Proc. Geol. Soc. vol. iii. p. 269. table fibres and tissues of all the famib’es of the 
The reader will also do well to consult Prof, plants of this era are to be detected in the c^ 
Idndley’s notice of his experiments in deoompo- itself. In some layers all the plants are Sigillariss, 
sing vegetable bodies (see Lindlej and Hutton's in others Calamites, in others Ferns. (Quart. 

‘ Fossil Flora of Great Britain,’ vol. iii. pp. 1-12). Joum. Geol. Soo. vol. v. part 2, Mem. p. 17.) 
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probable reelevation (with occasional sand-drifts), though good in such exam- 
ples as those of the South-Welsh and Newcastle coal-fields in England, as also 
of the large coal-fields in British North America, to which Sir C. Lyell has 
called, attention*, can scarcely have an application to those other seams of coal 
which, as before mentioned, are interstratified with beds containing marine shells, 
the animals of which, such as Product! and Spirifers, must have lived in com- 
paratively deep sea-water f. 

In such examples (and many of the older coal-beds come into the category) 
we may, on the contrary, endeavour to explain the facts by the supposition that 
ancient streams, like the present Mississippi and other large rivers, which flowed 
through forests on low lands and mud-banks, transported great quantities of trees, 
leaves, and roots entangled in earth, and deposited them at the bottom of adja- 
cent estuaries, or that these heaps of vegetable matter wore carried as floating 
masses into the open sea. 

The coasts of Northumberland and Berwickshire, as well as the large tracts of 
Scotland already alluded to, exhibit fine proofs of such conditions. The coal- 
field of the Donetz in Southern Russia, between the Don and the Dnieper, was 
described by myself and associates as a striking example of similar relations. 
There, as in Scotland, (besides numerous beds of shale and sand with remains of 
Plants) bands of limestone, charged with species of Productus, Spirifer, Bellero- 
phon. Nautilus, and other marine Shells, and many Corals, alternate several 
times with grits, sand, and shale charged with coal J and filled with casts of 
terrestrial Plants, including Ferns, Sigillaria, Lepidodendron, Calamites, &c. § 

General Observations on the Organic Remains of the Carboniferous Rocks , — ^In 
treating of the general physical relations of the Carboniferous rocks of the British 
Isles, and of some changes which they have undergone beyond the region of 
the annexed map, it has been stated that in the South of Scotland, with the ex- 
ception of the lowest strata, which are of estuarine origin, the greater part of the 
coal is interstratified with limestones containing the remains of marine animals. 
Most of the fossils, indeed, of those coal-tracts, such as Nautilus, Productus, 
and Spirifer, with Crinoidea and Crustacea, unquestionably inhabited the sea. 

Even in the lowest or estuarine zone of Scotland, large Sauroid Fishes, Mega- 
lichthys Hibberti, Agass., and Iloloptychius Ilibberti, Agass., were associated 
with the Shark-like Fishes Gyracanthus formosus, G. tuberculatus, Ctenacan- 
thus, &c. In the great central limestones remains of these Placoid Fishes 
are also abundant. They are chiefly Cestracionts (or rather Cochliodonts, Owen, 
Geol. Mag., Feb. 1807). Their teeth (Cladodus, Diplodus, &c.), or the hard 


^ See an exocllont gen«^ral sketch of the chi(;f 
Carboniferous deposits of Europe and America, 
with illustrations of the prevailing plants, in 
LyoU’s Manual of C-eology, 1S«)1, 24th and 2»'ith 
Chapters; and 5th edit., 18.55. See also Ansted'a 
‘Antaent World,' and Prof. Morris's valuable 
paiior on Coals and Coal-plants in the Proo. Geol. 
Assoo. vol. i. pp. 170 & 280. 

t Having under consideration the enormous 
area occupied by the Carboniferous strata of 
Horth America, the late Professor H. D. Rogers 
endeavoured to reconcile the conflicting hypo- 
theses respecting the origin of coal. (See Tmns- 
actions American Assoc. Adv. of Science, 1842, 
T). 433.) He ingeniously applies the opimons of 
his brother, W. R. Rogers, and himself, respectang 
the influence of great paroxysmal earthquakes 
which afirected the earth’s crust in ancient periods, 
and suggests how the alternations of terrestrial 
and oceanic remains to which attention has bwn 
called in this Chapter, and narticularly at pp. 
et geq., can best be explained. 

J See * Russia in Europe and the Ural Moun- 


tains,’ vol i. p. 89 c/ w}., pi. 1, and large woodcut 
showing the vertical succession, p. 111. 

§ This view of the two modes of formation of 
coal, which I haie long advocated (see ‘Russm in 
Europe,’ loc. cit., and ‘ Siluria,' p. 280), has been 
adopt<‘d and well illustrated by Mr. D. Page in 
his ‘ Advanced T('rt-book,’ p. 154 ; and it is fully 
treated in th(* last edition of Mantell’s ‘ Wimders 
of Geology ’ (18 .k‘<). The inquirer tvho wishes to 
study the PritiBh fossil i»lants of this period must 
consult the ‘ Possil Flora’ of Lindley and Hutton. 
The same subject is still more developed by M. 
Adolphe Brongniart, who has given his views in 
an admirable skeUh of the su^swve flonis 
imbedded in the crust of the earth. The publi- 
cations on the fossil Plants of Germany, by Corda, 
GQppert, Unger, and Geinitz, are iiroduetions of 
high merit. On comparing these works with those 
on the coal^lants of America, described by 
Lesquereux, Rogers, and others, we find that, like 
the associated marine animals, the same species 
inhabited very distant regions, or had a wide range 
through many latitudes. 



296 


SILUBU. 


[Chap. XII. 


bony palates of other genera — ^Psammodus, Cochliodus, Helodus, &c., together 
with the fin-defences above mentioned, are the only parts preserved ; but these 
are sufiicient to show that they were very numerous as individuals, and con- 
sisted of many genera. These must be studied in the great work of Agassiz, or 
in the subsequent publications of Sir Philip Egerton and other authors ♦. 

In the coal-field of Ealkenny in Ireland a very important discovery has re- 
cently been made of several remains of Keptiles, which will be treated ofwhen 
the organic remains are described (p. 303). 

It is in the purely marine or central lime- Possils (77). 

stones of the Carboniferous epoch that the A Limuloid Crustacean op the 
geologist takes his final leave of Trilobites. Carboniferous Period. 
Abounding in the Silurian era, these Crusta- 
ceans have dwindled to a comparatively small 
number in the Devonian, whilst in the Lower 
Carboniferous, the three genera Phillipsia, Grif- 
iithides, and Brachymetopus mark the last 
appearance of any individuals of this family in 
the ascending scale of primeval deposits. On 
the other hand, it is among the upper coal 
strata, where Trilobites become extinct, that 
we see the first representatives of the Limulus, 
the type of a suborder of Crustaceans which has 
existed from that early period to the present 
day with but comparatively little change in its 
structure. 

One example of these old Limuloid animals is here given j it is a rarer 
species than Belinurus trilobitoides (Limulus, Bucklandt)* Prestwichia an- 
thrax (Limulus, Prestwich) is another rare form also from Coalbrook Dale J. 
Not only are there Crustacea of the tribe to which the King-crab belongs in 
the coal, but other Crustacea of a higher order ; for, both in the South Stafford- 
shire coal-field and in those of Glasgow and Manchester, a peculiar form, pro- 
bably of the Schizopod group, occurs, which Professor Huxley has described 
under the name of Pygocephalus Cooperi ,* and to this group, too, most probably 
belongs the carapace from Coalbrook Dale figured by Sir Charles LyeU, in his 
Manual of Geol. 5th edit. p. 388, which was first referred to Apus by Milne- 
Edwards, and more lately regarded as a Crustacean of the Shrimp family by Mr. 
Salter. Nor must we omit to mention the large Eurypteri found in the Glasgow 
coal-field, and first described by Hibbert in the Trans. Roy. Soc. Edinb. vol. xiii. 
These, with some others, an Amphipod ? (Gampsonyx or Uronectes fimbriatus, 
Jordan) from Germany, and numerous Bivalved Entomostraca, chiefly of small 
size, show the fauna of the coal to have been rich in Crustacean forms. Still 
higher Articulata, the Scorpion and Spider, also appear for the first time in the 
Coal-measures (Bohemia and Silesia). 

Here also we last meet with any large Orthocerata. Those predaceous mollusks 
of the ancient seas have now begun to diminish rapidly, and with them most of 
the genera of Cephalopods which have a simple form of air-chamber, their office 
being taken, in the Triassic and later Secon^ry strata, by other groups of Ce- 

* See ‘ Paliohthyologic Notes,' by Sir PhiKp de lites made by Sir P. Egerton and his associate, the 
M. Gtct Egerton, Bart., M.P., in several volumes Earl of Enniskillen, are, it is believed, unrivalled, 
of the Quart. Joum. Oeol. Soc. See also the De- t Seethe Bridgewater Treatise, pi. 46". fig. 8, — 
^des belonging to the Memoirs of the Gleological that very remartoEible work of my eminent friend 
Survey of England, in which that distinguished the late Dean of Westminster, 
naturalist has published admirable descrit^ons of J Trans. Geol. Soc. vol. v. pi. 41 f. 1, 4. 

many fossil Fishes. The collections of fohttiyo- 
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phalopoda, such as Ceratites, Ammonites, &c., in which the idr-chamheis aare 
minutely foliated at their edfjfes. 

The true characters of the very numerous genera and species of fossils which 
occur in this group must be studied in other works ; but in support of the 
opinion that the Corals of the lower division often lived on the spot where they 
are found, a woodcut is here given of a gigantic specimen of Lithostrotion flori- 
forme ♦, Sil. Syst., the lower parts of which are rooted in the shale,/, whilst the 


Fossils (78). Coral op the Mountain-Limestone. 



Lithostrotion floriforme, Fleming, in its natural position in the rock. 

upper portion is imbedded in a limestone, i?, with a mass of red concretions, 
d. This Coral, when in its native bed, appeared, therefore, to be precisely 
in its original position, and conveyed to me the impression that it had remained 

Fossils (79). Some Fossils op the Carboniferous Limestone. 



1. Brachymetopus Ouralicus, de Vem. 2. Phillipsia pustulata, Sjchloth, (Ph. gem- 
muHfera, Phill.). 3. Spirifer striatus (?), Martin. 4. Productus giganteus, Sow. 6. 
Pleurorhynchus aliformis, Sow. 6. Coniatites crenistria, Phillips. 

undisturbed beneath the sea, whilst fine red sand at one time, and mud with 
calcareous matter at another, were deposited around it. The small figure to the 

^ My fWend Mr. Lonsdale, who, as before wards, he, Mr. Lonsdale, having first defined and 
stated, described fdl the Corals in the * Silurian limited the ffenus Lithostrotion. See ' Bnssiaand 
System,’ does not admit the generic word Lota- the Ural Mountains,* vol. i. p. 602, I8i6 ; and 
da2ta; as applied to this form by M. Milne-Ed- Annals of Nat. Hist., Nov. 1851. 


300 


SILUBIA. 


[Chap. XII. 


right in the woodcut represents the large shell^Froductus hemisphsericus^ which 
in nature is four inches broad^ and shows by comparison the very great size of 
the Ooral^ which has a width of two feet five inches *. 

Of all its fossils, however, the lai’ge Product! are the most characteristic of 
the great limestone group, the same species being found in this rock through 
many degrees of latitude in Europe, Asia, and America, and even in India and 
Australia. 

Besides these numerous evidences of the presence of the sea, Unio-like shells 
(Anthracosiae), probably of estuarine habitats, every now and then occur in thick 
layers as we ascend in the series, and are among the most characteristic of the 
upper portions of the formation. 

An estuarine intermixture is observable in coal-bearing strata of parts of Shrop- 
shire, Staftbrdshire, Lancashire, and elsewhere. It is well seen in the district 


Fossils (80). Insect and Shells op the Coal-measures. 










1. Wing of Cory- 
dalis ? Brongni- 
arti, Mantell. 

2. Productus sca- 
briculus, Sowerby. 

3. Anthracosia 
acuta, Sow., sp. 
(Formerly sup- 
posed to be allied 

jto Unio. Silur. 
'/ 'Syst. p. 105.) 


of Coalbrook Dale, where remains of Insects (allied to the Corydalis of Ame- 
rica) are found associated with Marine and Estuarine Shells and Land Plants. 
The figures in Foss. 80 represent this case of intermixture as formerly pointed 


Fossils (81). Fern prom the Goal of Coalbrook Dale. 



Pecopteris lonchitidis, Sternberg. (From Sil. Syst. p. 105.) 

out by myself. A fuller account, however, is given of it by Mr. Prestwich, in 
his elaborate memoir on the strata and fossils of that district f. 

* See Silurian Sjstem, p. 107. This Coral is thesetractswithforty or fifty species of terrestrial 
from Lilleshall, Shropshire, where the limestone Plants belonging to CalamitnceBB, Polypodiac* ©, 
rises out from beneath the ooal. and LyoopomaceaB. Of these, Stigmaria fleoides 

t Trans. Gool. Boe. LonA, 2nd ser., vol. V. p. 413. (root of Sigillaria), Ifeuropteris cordata, Odon- 
One ofthe Plants, Pecoj^ris lonchitidis, which is topteris obtusa, and the Pecopteris here figured 
given in the woodcut, Foss. 81, is associated in are perhaps the most common. 
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Other probable examples of such associations, indicating the contiguity of 
land on which Plants grew, and from which they were transported during long 
periods into estuaries, are seen near Shrewsbury and other localities, among some 
of the younger coal strata, which at Manchester are seen to be of very great 
thickness. In the environs of Shrewsbury, small Cyclas-like Shells and valves 
of a dwarf variety of the little Crustacean Leperditia * are commingled in the 
same limestone with a minute Shell, originally termed Microconchus carbona- 
rius,but now referred by naturalists to the marine and estuary genus Spirorbisf. 
The above-mentioned shells, indeed, may also be of marine origin. 

The ^i^lowing figures (Foss. 82, 83), formerly published in the ^ Silurian 
System,’ explain more particularly the contents of this peculiar limestone of the 
coal strata. 


Fossils (82). Uppermost Limestone of the Coal-measures. (From Sil. Syst. p. 84.) 



1. Leperditia inflata (Cypris, Sil. Syst); 
magnified 12 times. 2. Anthracosia? (Cyclas 
or Edmondia ?, Sil. Syst.) ; natural size, and 
magnified 4 times ; from near Shrewsbury. 
3. Anthracomya (Modiola, Sil. Syst.), from 
Ardwiek, Manchester, in a bai^d of limestone 
of the same age. (From Sil. Syst. p. 84.) 


In all such cases, and still more where the coal is intercalated, as before said, 
among purely marine animal remains, we must believe that the vegetables from 
which it was formed were carried down into seas or estuaries fed by freshwater 
affluents, of which condition the little fossil Estherise (E. striata, E. tenella, 
E. punctatella) are perhaps the best evidences J. 

With the proofs in our possession of the large quantities of terrestrial vege- 
tables which occur in the Carboniferous era now under consideration, accom- 
panied as they are in numerous cases by river and lake Shells, and in other 
instances by Insects and Arachnida, it might be expected that Keptiles would 
also be procured from them ; and such has proved to be the case. The first dis- 
covery of this nature was made in the coal-field of Sanrbriick in Rhenish Bavaria 
(a coal-field also rich in Insects), wherein two species of Archegosaurus, Gold- 
fuss, have been found,--a Reptile which Hermann von Meyer supposes to be a 
connecting link between Batrachians and Lizards. 

Since then the footsteps of a large Reptile allied to the Cheirotherium 
have been observed in the Carboniferous strata of Pennsylvania ; and Professor 
M^Coy detected in the Museum of Lord Enniskillen the remains of a small Rep- 


^ This little marine animal was formerly known 
as Cypris ii^ata. See a critical examination of 
the cnaracters of these and other minute BiTalve 
Bntomostraca, by Prof. T. Bupert Jones and Mr. 
J. W. Kirkby, in the Ann. Nat. Hist. 3rd ser. vol. 

xviii. p. 36 &c. . .i. • 

t Some of the coal sandstones in the environs 
of Manchester exhibit on their surfaces the clearest 
indications of having been shore-deposits, certain 
tracks havii« been marked on them by am^ls 
which must nave crawled at»ebb-tides. Mr. Bin- 
ney states also that the shells of Spirorbis occur 


throughout the whole of the thick series of the 
Lancashire coaJ-field, and thus indi(»te the long- 
continued action of marine conditions. See a 
valuable paper ‘ On some Trails and Holes in the 
Carboniferous Strata, with Bemarks on Micro- 
conohus oarbonariiis,' by Mr. E. W. Binney, 
Transactions of the Literary and PhUoeophiem 
Society of Manchester, vol. x., 1861-62, 

I See Bupert Jones’s Monograph on the fossil 
Estheriflp, Pal. Soc. 1866 ; also Quart. Joum. Q-eol. 
Boo. vol. xix. pp. 141 &o. ; and Trans. GeoL Soo. 
Glasgow, vol. li. p. 71. 
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tile from one of the Scotch coal-fields, which Owen has descnhed under the 
name of Parabatrachus Colei. Owen has also described the Anthrakerpeton 
crassosteum from the Coal-shale of Glamorganshire ; and Huxley has described 
several reptiles from the Coal of Scotland and Ireland (see p. 803). The Laby- 
rinthodont Baphetes planiceps (Owen) was foimd in a coal-seam at Pictou, 
Nova Scotia. Sir C. Lyell has published the very interesting account of a 
discovery made by Principal Dawson and himself, in the coal-field of South 

Fossils (83). Uppermost Limestone op the Coal-measures. (From Sil. Syst. p. 84.) 




Microconchus (or Spirorhis) carbonarius, Sil. Syst. The real size is given in the 
minutest of these figures, whilst the upper figures are somewhat magnified, and the 
lower very greatly so. » *. The mark of attachment to some small cylindrical body. 


Joggins, in Nova Scotia t, of a Reptile called Dendrerpeton Acadianum, which 
Owen and Wyman consider to belong to the Perennibranchiate Batrachians. 
With this Reptile were associated remains of others, many Land I’lants, and 
several shells of an air-breathing Mollusk — ^the first true Land Shell found in 
strata of such high antiquity J. These discoveries afford us proofs of associations 
of organic remains which we might, indeed, have anticipated. 

Principal Dawson has since discovered, in the Coal-formation of Nova Scotia, 
five new species of Reptiles, namely : — ^Hylonomus Lyelli, Dawson ; H. acieden- 
tatus, Dawson j H. Wymani, Dawson ; Dendrerpeton Oweni, Dawson ; and 
Hylerpeton Dawsoni, Owen §. Vertebrae referred to a much larger Reptile, 
Eosaurus Acadianus, have also been found and described by Mr. O. C. Marsh j 
and Mr. Brown, of Sydney, has discovered a slab with footprints referable to still 
another species, Sauropus Sydnensis, Dawson. The genera Hylonomus and Eo- 
saurus axe supposed to represent higher types of reptilian life than that of the 
Labyrinthodont Batrachians. Another new air-breather, a Centipede or Myri- 
apod, allied to lulus, also discovered by Dr. Dawson in the Coal-formation of 
Nova Scotia, is Xylobius Sigillariae j and similar fossils have lately been found 
in Britain |i. 

In our own islands, also, footmarks of Sauroid animals have been detected in the 
coal-field south of Edinburgh ^ ; and the impressions of the feet of another reptilian 


t Quart. Jonrn. G-eol. Soo. toI. iz. p. 56. 

I Ibid. voL iz. p. 58. 

$ Quart. Journ. G-eol. Soo. toI. zri. p. 268, rol. 

6, and voL ziz. p. 62 ; Canadian Katuralist 
voL viii. ; Dawson, ‘ Auvbreathers 
of the Coal-period.' 

I In J anuary 1867, Mr. Henir Woodward com- 
mnnloated to the Glasgow Geological Society an 
aoeo^t of tbe discovery of Xylobius (probably 
X. SigiUarift), from the clay-ironstone of the coaf- 


zneaaurcs of Kilmaurs, near Glasgow ; and in the 
same month Mr. E. W. Binney recorded the dis- 
ooveiy of another specimen in the Manchester 
coal-field (Proo. Manch. Lit. & Fat. Hist. Soc.). 
A reptilian jaw-bone, like that of Dendrerpeton, 
has been recognized in Mr. Atthey’s collection of 
foaailB from the Newcastle coal-field, by Prof. R. 


Jones: Geol. Mag. vol. i. p. 130. 

See H. Miller's ‘ Testimony of the Rocka,’ 


p. 78. 
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animal have been found in the coal-field of the Forest of Dean *. According to 
Professor Owen, these last-mentioned footmarks might have been produced by the 
movements of a Salamandroid quadruped. They very much resemble 
some of the impressions called Steropezoum, Anomoepus,andTri8Bnopus by Hitch- 
cock; but ^^of these,” Owen adds, ^^no more definite idea is entertained than a 
vague one of their having been produced by a kind of great Newt-like Reptile.” 

A great accession to the fossil fauna of the Carboniferous period has recently 
been made in Ireland. Professor Huxley, who in the year 1862 described a re- 
markable Labyrinthodont from the Lanarkshire coal-field of Scotland under 
the name, of Anthracosaurus Russelli, has recently described no less than eight 
distinct genera of Labyrinthodont Amphibia from the coal-field of Kilkenny, 
with indications of others. These are associated with the fossil Fishes Mega- 
lichthys, Gyracanthus, and a new genus of large Ganoids, Campylopleuron. Of 
these eight genera of Labyrinthodonts, three, viz. Keraterpeton, Urocordylus, 
and Lepterpeton, were salamandroid animals, provided with long tails and well- 
developed fore and hind limbs ; in Urocordylus the superior and inferior spines 
of the caudal vertebrae are so prolonged as to leave no doubt that the tail was 
a powerful instrument of propulsion. Of another and probably similar form, 
Erpetocephalus, only the skull has been discovered. In two other genera, Ophi- 
derpeton and Dolichosoma, the greatly elongated and eel-like body appears to 
have been devoid of limbs. Ophiderpeton attained a length of more than three 
feet. Of the seventh genus only the hinder part of the body has yet been found ; 
it is a much larger animal, which probably attained a length of not less than 
six or seven feet, and resembles, if it be not identical with, the Anthracosaurus 
of the Glasgow coal-field. The eighth, Ichtbyerpeton, has a fish-like body, with 
very short and thick hind limbs. The skeletons of these animals are all well 
ossified. Several of the genera certainly, and all probably, were provided with a 
ventral armour, resembling that of Archegosaurus and Pholidogaster, 

Some of Professor Huxley’s conclusions are most important, since they tell us 
that one Irish coal-pit has yielded in a few months more genera of vertebrate 
animals higher than Fishes than are known from all the vast American coal- 
fields, and nearly as many as have been found in all Europe. This discovery 
shows also that the Labyrinthodont type of Reptiles (as Huxley says) ^^was 
abundantly represented in the Carboniferous epoch by animals with well-ossified 
vertebrae, with no trace of persistent branchiao, and to all appearance just as 
highly organized as their congeners in the Trias.” 

The Coal-field of Edinburghshire also has yielded two Labyrinthodont Rep- 
tiles— Loxomma AUmani, Huxley, and PhoHdogastcv piscifonnis, Huxley. 

In the earliest wide and general difinsion of a copious and peculiar 
vegetation previously spoken of, we recognize the prevalence of the equable 
temperature and similar conditions over various latitudes which must, in 
my opinion, have also existed, to a great extent, in the preceding periods. 

The specific identity, also, of many of the Brachiopods of the Lower 
Carboniferous rocks situated at enormous distances in latitude from one 
another (e, g, from the Arctic circle to the south of the Equator) is an 
additional and striking proof of the general uniformity of temperature and 
marine conditions during this epoch. The discovery also by Livingstone, 
on the banks of the Zambesi, in South Africa, of coal strata the fossil Plants 

. This specimen is in the Museum of the ^-logical 8^etj.^d 
Charles H. Bromby. 
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of which left no doubt of their ancient date, and the still more recent an- 
nouncement of extensive coal-fields in Brazil, in nearly the same southern 
latitude, are striking proofs of the widespread uniformity of these con- 
ditions when the Carboniferous flora prevailed. Professor Agassiz, who 
examined them, declared the Brazilian fossils to belong to the old Carbo- 
niferous age ; and on inspecting the fossil plants from Brazil recently 
submitted to me by Lord Stanley, Her Majesty^s Secretary for Foreign 
Afiairs, I came to the same conclusion ; whilst Dr. Percy, by analysis of 
various samples of these coals, found their chemical composition and struc- 
ture to be in harmony with the decision of the palseontologist*. 

In respect to the origin of coal, I still adhere to the idea which I 
broached many years ago, and illustrated by a map, that coal may in some 
instances have been the result of the transport of great matted masses of 
trees and vegetables into marine estuaries (Sil. Syst. p. 152). The ori- 
ginal observation, however, of Logan, that the roots of many of the fossil 
trees are seen to be implanted in the under-clays of the respective coal- 
beds, proves the existence, over very large areas, of coal-growths in situ, 
or, in other words, that such beds of coal were simply subsided jungles. It 
has indeed now become the general opinion of geologists that most of the 
coal has resulted from such littoral growths, in maritime swamps or lagoons, 
of various trees and vegetables suited to these conditions, and that the oc- 
currence of marine spoils among and over the beds of coal has resulted 
from subsidences of that vegetation beneath the sea. It is certainly more 
likely that there should have been subsidences, with periodical pauses, in 
coal strata 12,000 feet thick, like those in South Wales, than that there 
should have been repeated oscillations of the land — descending to receive ma- 
rine productions, and raised again to sustain the growth of terres’trial plants. 
If the plants grew like mangroves in the West Indies, and if the water was 
very shallow, running into muddy lagoons, and full of sand-bars near low 
swampy shores (a condition quite in accordance with what is represented 
in the vignette, p. 286), we should not need to invoke such repeated 
changes of level, but simply appeal to subsidence with occasional pauses. 
In confirmation of this view we have the fact that, with the exception 
of the so-called ^ Unio-bands,^ there is very little evidence of freshwater 
conditions at all ; while the abundance of Spirorbis carbonarius, Leperditia, 
and Beyrichia, occasional bands of Goniatites and Aviculae even in the 
true coal-shales, and the frequent occurrence of marine Shells and shark- 
like Fish point to a condition of things much more like that of the mangrove- 
swamps above alluded to. It is further remarkable that in existing lagoons is 
found a species of Unio nearer in character (according to the late Professor 
E. Forbes) to the so-called Unios of the coal than any true freshwater form. 

In illustrating these views, the geographical conditions under which coal 
has probably been accumulated have been clearly and ably set forth by Mr. 

. Palttoeoic Beyrichia has alto been found in the thales of the Brazilian eoal-measures 

by Prof. Eupert Jones t Gkol. Mag. vol. i. p. 132. 



COAL AND PITBOLEUM. 


305 


Chap. XII.] 


Godwin-Austen, in a memoir in which he delineated the north-western 
coal-area of Europe (Quart. Joum. Geol. Soc. voL xii. pp. 38 &c., pi. 1). 

The later researches of Mr. H. C. Sorby, directed from another point of 
view, indicated the trend and character of the marine currents of the coal- 
bearing sea-margin. This author, to whom we are indebted for so many 
good observations in physical geology, has arrived, by independent re- 
searches, at the conclusion that the seas of the Coal-period (in the North 
of England) were enclosed and shallow, with no very fixed or determinate 
lines of drift or current. In some valuable notes with which he favoured 
me*, he shows that during the deposition of the older slate-rocks of 
Westmoreland and the Lake District, or the Lower Silurian time, the cur- 
rents came chiefly from the east, and that in the Upper Silurian period 
they proceeded from the N.N.W. These facts, when further developed, 
must throw great light on the physical geography of early times. He fur- 
ther indicates that during the period of the Carboniferous Limestone and 
Millstone-grit the sea was open to the west. 

These regular currents, however, as he shows, cease to be conspicuous 
when we rise into the Coal-measures in the same districts, the general cur- 
rent having then become almost extinct, and a confused set of tidal and 
wind drifts having supervened, which indicate a very considerable altera- 
tion in the outlines of the region. These changes point, first, to a diminu- 
tion of the current-flow in the period of the Millstone-grit, then to a far 
more limited extension of the water during the Coal-period, ending in a 
fresh set of currents during tne Permian era, among elongated shoals. 

With such data before us, we are, perhaps, warranted in believing that 
a theory of the formation of coal which should embrace as its chief element 
a widely extended series of shaUow and partially enclosed seas, fringed with 
swampy forests of water-loving plants, subject to frequent submersion, 
accords well with observed phenomena. 

In geological researches we frequently meet with results that cannot be 
fully explained by one modus operandi only; for nature has evidently 
worked out phenomena apparently similar through distinct processes ; and 
of this no better indication can be given than that coal may well have 
been formed out of vegetable matter by the above-mentioned different 


^ Bituminous Shale and Petroleum,— In closing this Chapter on the old 
Carboniferous deposits, I may be excused for saying a few words upon the 
recent discovery of the outflow of vast quantities of petroleum or stone- 
oU in North America, and of the distillation of the same substance from 
the bituminous shale of British Coal-fields, particularly those of Scotland, 
If all the stone- oil which exudes from the crust of the earth in vanous 

. V HAn.rf>hpg on the nature and character of Coal and 

# See also his papers p 317 , iu mode of accumulation, ^1 be found m his 

Bdinb. New Phil. Joum. vol. m. p. 113, iv. p. sk, On the Structures of Coal,' Quart Joum. 

V. D. 276, vii. p 226. -f Kt Q-eol Boo vol. xvi. pp. 268 &c. ; ^ Air-breathers of 
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ooimtriee^ or issues when the covering strata are pierced, proceeded from 
the ancient Carboniferous deposits which we have been considering, the 
explanation of the phenomenon would be comparatively easy ; for, whether 
the immense masses of matted vegetables of that period were solidified into 
coal and shale, or converted into the liquid substitute petroleum, the true 
source of that substance would be evident. In Shropshire, however, 
petroleum is seen to exude from fissures in old Cambrian rocks (see 
27), in Caithness from ichthyolitic fiagstones of the Old Red Sand- 
stone (p. 258), and in North America it is said to issue chiefly from 
the Devonian formation, in a tract where comparatively few fossil vege- 
tables or animals are discovered in the rocks ; and in these cases the 
explanation is exceedingly difficult. The old belief of chemists was that 
bitumen can be derived only from vegetable or animal matter; and as 
neither of these in any appreciable quantity has been detected in the 
Cambrian rocks, we must in such case suppose that, though they have dis- 
appeared in the stony matrix, vaet quantities of sea- weeds prevailed when 
these strata were in the condition of marine mud, and that the decompo- 
sition of these sea- weeds has produced the petroleum. But this view is 
not altogether satisfactory. 

Another theory is, that in some cases the presence of stone-oil is due 
to the former existence of Carboniferous strata over the oil-yielding area (as 
in parts of North America, for instance), and that the coal-fields were once 
extended over the ancient Cambrian rocks above mentioned, north and 
south of Shrewsbury, and, before and during their denudation, the bitu- 
minous contents of the coal-strata sank into the subjacent rocks through 
cracks and fissures, and occupied cavities within them. It is highly impro- 
bable, however, that this theory should be applicable to such cases as those 
where petroleum exudes from very ancient rocks, which rise into moun- 
tainous masses like the Longmynd, and which were unquestionably raised 
into dry lands before the coal-formations were accumulated. If, then, we 
retain the old chemical doctrine of the derivation of petroleum, we must 
revert to the theory that, as in all the marine deposits, however ancient, 
in which any traces of animal life exist there must also have been Algae, 
there may have been a sufficiency of them to account for the small amount 
of petroleum found in such rocks. 

In the younger deposits, as they begin to show an increase in vege- 
table and animal life, carbonaceous and bituminous ingredients abound 
more and more in the strata. That some of the shales of difierent epochs 
have been rendered bituminous chiefly through the abundance of animals 
entombed in them, may be surmised even in regard to the anthracite of 
the graptolitic schists of the South of Scotland, and to that which has been 
detected in the Silurian rocks of Cavan in Ireland (see p. 183). 

The presence of stone-oil in the Devonian rocks was probably due both 
to the conversion of masses of Sea-weed and to that of the numerous 
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Pishes of the period. Thus, in the Caithness Flags of that epoch, we 
know perfectly that the beds have been rendered bituminous by. their 
numerous Ichthyolites (see p. 268, anU). 

Ascending from the Old or great Coal-period to the youngest Tertiary 
formations, we are seldom at a loss to account for the presence of bitumen 
and petroleum ; for in most of these deposits both animal and vegetable 
substances abound. Thirty-eight years have elapsed since I described the 
process of distilling oil by the application of heat to rocks of the age of the 
Lias in the Tyrolese Alps, which had been rendered highly bituminous by 
the immense quantity of fossil Pishes entombed in them ♦. Indeed as 
we ascend through the series of Secondary deposits, highly bituminous 
shales are sometimes found, as in the well-known case of the Kimmeridge 
Clay. Again, the large pitch-lakes of Trinidad and Venezuela are known 
to exude from Tertiary lignites, such as also yield bitumen in Persia and 
other places, especially in the great tract on the south-west shores of the 
Caspian, extending inland from Baku. 

Although I cannot yet accept as widely applicable the theory of my 
distinguished friend, M. Abich, that, in other cases, petroleum is a com- 
pound primitive body engendered in the interior of the globe (see note, 
p. 27, ante), the recent researches of that eminent French chemist Berthelot 
have gone far to sustain that view, and to show that this substance may 
have a purely mineral as well as an animal and vegetable origin. Adopting 
the hypothesis suggested by Daubree, that the terrestrial mass contains 
free alkaline metals in its interior (apparently a part of the volcanic 
theory of Davy, as supported by Daubeny), M. Berthelot, believing that 
carbonic acid does infiltrate through various parts of the crust, simply 
asks us to admit that this acid may descend to the heated alkaline metals ; 
and then the result must bo the formation of acetalides. After various 
chemical reactions which he explains, these substances would, under given 
conditions, constitute petroleum. M. Berthelot sums up in these em- 
phatic words ; — We can thus conceive the production, by a purely mine- 
ral method, of all the natural hydrocarbons, — the intervention of heat, 
water, and alkaline metals. Lastly, the tendency of the carbides to unite 
together so as to form matters more condensed suffices to account* for 
the formation of these curious compounds. This formation can also be 
effected in a continuous manner, since the reactions which produce it are 
incessantly renewed'’ f . 

The consideration, however, of the origin of petroleum or stone-oil will 
be resumed in the 18th Chapter, when the able views of Dr. Sterry Hunt 
on this subject will be explained. It will then appear, by reference to the 
Reports on the Geology of Canada, that in North America petroleum is in- 
digenous, on a vei^ large scale, to the Lower Silurian, Lower Devonian, 
and Lower Carboniferous limestones. 

^ Annals Philos 1828. t Annales de Chimie, Dec. 1866, toI. xx. p. 482, 
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CHAPTER XIII. ♦ 

PERMIAN ROCKS. 

CHANGES OP THE FORMER SURFACE. — ORIGIN OF THE TERM * PERMIAN * AS APPLIED TO THE 
HIGHEST GROUP OP PALASOZOIC DEPOSITS. — THE PERMIAN ROCKS OP RUSSIA, GERMANY, AND 
BRITAIN. — THE ORGANIC REMAINS OF THE GROUP. 

In the two previous Chapters, slight allusions only have been made to ig- 
neous or volcanic materials ejected and spread out on the sea-bottom con- 
temporaneously with the ordinary sedimentary deposits ; for during the 
Devonian and Carboniferous eras such eruptions were by no means so 
abundant in the British area as when the Lower Silurian rocks were 
accumulated. (See pp. 76 &c.) 

The great Upper Coal-fields considered in the previous Chapter were 
probably, in regions like Britain and America, evolved under conditions 
which geologists would consider comparatively quiescent. This is supposed 
to have been particularly the case with those coal-beds which were formed 
either by continuous depressions of low lands beneath the waters or by 
alternations of subaqueous and terrestrial surfaces. The close, however, of 
that period was specially marked by ruptures of the crust of the earth, 
which, from the physical evidences placed before us, must have extended 
over very distant regions. Whatever may have been the previous changes, 
it was then that the coal-strata and their antecedent formations were very 
generally broken up, by upheavals, into separate troughs and basins, dis- 
torted by numberless powerful dislocations. The order of ancient sedi- 
mentary succession was thus very widely, though not universally, inter- 
rupted ; and all the strata previously spoken of were so disturbed as to 
produce a prevalent break or discordance between the Carboniferous de- 
posits and those which succeeded to them. 

This disturbance, however, was not general, since there are exceptional 
tracts in which the Carboniferous and overlying Permian deposits are in 
apparently conformable relation to each other. 

The general effect of the great disseverment alluded to, in determining a 
former outline of the earth, is obvious ; for, whilst the Silurian, Devonian, 
and Carboniferous rocks were at that period so heaved up as to constitute 
portions of mountain-chains, the strata which we are now considering have 
been for the most part spread out in lesser elevations, constituting coun- 
tries with a lower level. Yet, notwithstanding these physical changes, 
the aniinals and plants of the Permian era, though chiefly of new spe- 
cies, are generically connected with those of the preceding or Carboni- 
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ferous epoch ; whilst they are almost wholly dissimilar to those of the next 
succeeding period, the Trias. 

The strata which were accumulated immediately after the great deposits 
of Coal have been termed in England Lower New Red Sandstone, Marl- 
slate, Magnesian Limestone, &c. Similar rocks have long been known 
in Germany under the names of Roth-todt-liegende, Kupfer-Schiefer, 
Zeohstein, &c. Having become satisfied that all these strata, so different 
in mineral character, constituted one natural geological group only, clearly 
distinguished from the Carboniferous series beneath, and, on account 
of its oi^anic contents, must bo entirely separated from all formations 
above, in 1841* I proposed to my associates de Verneuil and von Keyser- 
ling, when we were in Russia, that these rocks should receive the name of 
‘ Permian,’ a term taken from an extensive region which composed the an- 
cient kingdom of Permia, of which the extensive Government of Perm 
forms a part. To that vast tract the illustrious Humboldt particularly 
called our attention when M. de Verneuil and myself were about to revisit 
Russia ; and in it we found all the characteristic features of this inde- 
pendent assemblage developed on a very grand scale. 

After two explorations of Russia, I reexamined when alone (1844) those 
portions of Germany where the Zechstein and its associated strata, under- 
lying as well as overlying, are best displayed ; and, by placing these in 
parallel with the Russian and English rocks, my views were confirmed ; 
and thus all the deposits above mentioned were included under the term 
‘ Permian.’ The value of this euphonial name, for a series of strata com- 
posing one natural group, soon became so obvious that, proposed in 1841, 
it has since been adopted by nearly all geologists of different nations. 

In Germany, where the Roth-todt-liegende, Kupfer-Schiefer, and Zech- 
stein had long had their headquarters, and where their characters had 
been described by numerous geologists, from the days of Werner and 
Schlotheim to those of the great geologist Leopold von Buch, whose loss 
we deplore, these rocks Ifhve been recognized in the works of Naumann of 
Leipsic, of Geinitz and Gutbier of Dresden, and of Gdppert of Breslau, as 
the ^ Permische System ’ f- 

In Franco, the late M. Alcide d’Orbigny, in his systematic work on Pa- 
laeontology and other authors, have given currency to a name which 
would, indeed, have had little or no value without tlie close palaeontological 
comparisons of my colleagues do Verneuil and von Xeyscrling, as worked 
out with me in the easternmost regions of Russia-in- Europe. 

^ The term was first proposed in a letter ad- the introduction of a new name founded upon 
dressed by me at Moscow to tlie venerable and ac- a local binary division which, though good in 
comijlished Russian palseontologist Dr. Fischer, Saxony, is inapplicable to many other oountries, 
October 1841- Bronn und Leonhard’s Jahrbuch, in several of which the separation is tripartite. 
1841, and Phil. Mag. vol. xix. p. 417. In North America (see Chap, xviii.) it is indeed a 

t See Geinitz and Gutbier, ‘ Permische System Jfonoui. I am happy to observe that the mass of 
in Sachsen,’ 1848. Since the last edition of this geologists prefer the ampler geographic^ name 
work was issued, my friend Professor Geinitz de- ‘ Permian,’ which, like ‘ Silurian, involves no 
sorted the name Permian which he had adopted, theo^. 

and following M. Desor, applied the name of J See Cours cHementarre de Pal. et Geol. Strat., 
Ifyda to this system. I have elsewhere resisted par Alcide d’Orbigny, vol. ii. p. 870. 
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In the north of England, the different deposits which are now united in 
a group were admirably described by Sedgwick*, who clearly showed 
their relations to the German rocks of like age . Professor Phillips f, indeed, 
first suggested, that, on account of its fossils, the * Magnesian Limestone ’ of 
England should be classed with the Palaeozoic rocks. Subsequently the 
organic remains of the Magnesian Limestone have been illustrated by 
King t, Howse §, Kirkby ||, and other authors, under the term ‘ Permian ’ ; 
and the word has been used for some time in the construction of the 
Geological Survey Map ; also Binney If, Ormerod **, Harlmess tt, and 
other geologists have all employed it in their writings. 

As many persons may not have access to the large volumes on the geology 
of Eussia, in which a full description is given of the leading characters of 
the group in that Empire, and as I wish to put the reader into possession of 
the reasons for the adoption of the name ‘ Permian,’ a few passages from 
the writings of my colleagues and self are here reproduced. By the first of 
these extracts it will be perceived that, in describing the whole structure 
of Eussia, we began, as on the present occasion, with the lowest rocks in 
which any traces of life could be detected. 

Having worked our way upwards through Silurian, Devonian, and Carbo- 
niferous rocks, we have now to describe the next succeeding natural group. 
Spread out over a larger surface than any others in Eussia, the rocks in question, 
with certain overlying red deposits, which we cannot separate from them, occupy 
the greater part of the Governments of Perm, Orenburg, Kazan, Nijni Nov- 
gorod, Yaroslavl, Kostroma, Viatka, and Vologda, a region more than twice the 
size of the whole kingdom of France 1 

After showing to what an extent opinions varied respecting the age of these 
Eussian deposits, most authors referring them to the New Red Sandstone or 
Trias, others to the Carboniferous era, it was next observed §§ : — 

Such was the state of the question when we entered upon the survey of 
Russia. To arrive, therefore, at a sound conclusion respecting the age of these 
rocks, it became essential to traverse, as far as possible, the countries over which 
they extended, and compare the phenomena which had led to such contradictory 
opinions. The result has been, that, though these deposits are of very varied 
mineral aspect, and consist of grits, sandstones, marls, conglomerates, and lime- 
stone, sometimes enclosing great masses of gypsum and rock-salt, and are also 
much impregnated with copper, and occasionally with sulphur, yet the whole 
group is characterized by one type only of animal and vegetable life. 

Convincing ourselves, in the field, that these strata were connected by their 
organic remains with the Carboniferous rocks on the one hand, and were inde- 
pendent of the Trias on the other, we ventured to designate them by a geogra- 
phical term derived from the ancient kingdom of Perm, within and around 
whose precincts the necessary evidences had been obtained. 

* Trang. G-eol. Soc. n. vol. ii. pp. 37 et »eq, Mem. Lit. & PhiL Soo. Manoheater, voIb. xii. 

t Treatise on Geology, p. 189. and xiy. ; Quart. Joum. G-eol. Soo. vol. xii. p. 138, 

i Monogn^h, PalsBont. Soc. 1856 ; Ann. Nat. and vol. zviii. p. 439. 

Hut. 2 ser. vol. xvii. ; and Journal Geol. Soo. *** Joum. Geol. Soo. vol. vii. p. 268. 

Dublin, voL vii. tt Quart. Joum. Geol. Soo. vol. xii p. 267, &c. 

t Ann. Nat. Hist. 2 ser. vol. lix. pp. 88 fifcc. tt Bnggiarm-Europe, vol. i. p. 137. 

I Quart. Joum. Gkiol. Soo.; Ann^ Nat Hist. ; Ibid, p^ 188. 

Trang. Tyneside Nat. Club. 
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With the highest respect for the labours of German geologists upon the 
2iech8tein, and for the researches of those authors who have placed the Magnesian 
Limestone of England on the same parallel, we are convinced that neither in 
Germany nor in Great Britain do the same accumulative proofs exist to establish 
the independence of a geological system. If mineral characters be appealed to, 
no German writer will contend that the thin course of ^ Kupfer-Schiefer * is of 
like importance with the numerous strata which in Bussia constitute many bands 
of various structure, rendering, in fact, the Zechstein itself a mere subordinate 
member of a vast cupriferous series. Subordinate, however, as it is in some 
tracts of Bussia, the Zechstein is so magnificently displayed in others, in masses 
of both limestone and gypsum, that it more than riv^ the finest sections of 
that deposit, whether to the south of the Harz or in Thuringia. We object, 
however, to a lithological name hitherto reserved for one portion only of a 
complicated series ; and as the Germans have never proposed a single term for 
the whole group which is based upon the Both-todt-liegende, and surmoimted 
by the Trias, we have done so, simply because we first found in Bussia the 
requisite union of proofs.” 

Occupying the enormous area before mentioned, the Permian deposits of 
Bussia are flanked and underlain on nearly all sides by difierent members of 
the Carboniferous rocks, containing comparatively little coal. These Permian 
strata of Bussia seldom offer a mineral succession similar to that of formations of 
the same age in Western Europe. In different tracts of the vast region explored, 
they exhibit, as explained in the preceding quotation, many variations in their 
mineral and organic contents, as well as in the relative position of the component 
masses. In some places, as on the Biver Kama, near its junction with the Volga, 
cupriferous red grits with Plants underlie the chief limestone, and are succeeded 
by marls ; but along the eastern limits of the group, where it is flanked by the 
Ural Mountains, gypseous limestones form the base, followed upwards by the 
red copper-grits, sands, marls, limestones, and pebble-beds, which extend on all 
sides around the city of Perm. On the whole, indeed, whether we appealed to 
the sections on the banks of the great Dwina, above Archangel, to the western 
flank of the Ural Mountains, or to the banks of the Lower Volga, near Kazan, 
localities at vast distances from each other, we found that the limestones, of 
which there are several bands, often interstratified with much gypsum, prevailed 
towards the base of the Permian deposits of Bussia. 

In parts of the region salt-springs occur. Some of these may possibly rise 
from solid bodies of salt in older Palaeozoic rocks, since the mineral is known to 
occur in the Devonian rocks of Livonia; but in the steppes south of Orenburg, 
masses of rock-salt rise to the surface, and are certainly subordinate to red 
Permian deposits *. These salt-beds range up to the base of the older Palseozoic 
and crystalline masses ot the South Ural Mountains to the east of Orenbui^, 
the strata of Permian age being visible only in the low wooded slopes at the 
foot of the rocky chain, as represented in the vignette at page 312. 

Along certain portions of the west flank of the same chain, the Penman strata 
occur in almost apparent conformity to the Carboniferous rocks. There they 
have manifestly undergone a movement impressed on them by great forces di- 
rected from north to south, or parallel to the Ural Mountains, all the strata, 
whether Carboniferous or Permian, having been raised up, and thrown off sharply 
to the west t* From the Gurmaya Hills on the east to the Hill of Girialskaya 


^ Russia-in-Europe, vol. i. p. 184. ^ 
t See section, * Rusnia-in-Europe, 


vol. i. p. 148> 


and ‘ Siluria,' Ist ed. p. 296. 
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•on the west, the following succession is exhibited in ascending order in proceed- 
ing from the Silurian and Devonian rocks of the Ural chain : — Carboniferous 



The Gurmaya Hills op the South Ural Mountains. 

As seen from the Steppes of Orenburg. (From ‘ Russia-in-Europe/ vol. i, p. 450.) 


Limestone, with the usual large Product! and other fossils, passing upwards into 
Carboniferous Flags with slight traces only of coal. These rocks are followed 
by the Permian group, consisting of: — 1. Sandstones and grits, limestones in 
various courses, with fossils of the Zechstein of Germany, associated with marls, 
gypsum, &c . ; 2. Bed sands, with copper-ores and many Plants j 3. Conglome- 
rate and sandstone, with fossil Plants and Keptiles. 

At the Imperial Baths of Sergiefsk, and on the banks of the River Sok, a 
tributary of the Lower Volga, magnesian limestone and marl contain gypsum, 
copper-ore, native sulphur, with sulphureous and asphaltic springs in the middle 
masses, whilst other marlstones and white limestones constitute the summit. 
A considerable volume of gaseous, sulphureous water, which forms a largo pool, 
issues from these rocks. (See diagram, * Bussia-in-Europe,' vol. i. p. 158.) 

Near Kazan, about 160 miles to the north of Sergiefsk, huge masses of gypsum * 
(a), rising high above the level of the River Volga, are surmounted by limestone 
clifis with Zechstein fossils (5), and the latter by red, green, and white marls 
(c), as here represented. 



a. Thick deposit of gypsum, b. Limestone with well-known Zechstein fossiL. 
c. Bed and green shelly marls, also with Zechstein types. 


* Cliff* of white gynsum, subordinate to the they form white cliffs for many miles, and again 
Permian rocks, are still more conspicuous on the near Pinega, where with my comiianiona I ex- 
banks of the Dwina south of Archangel, where amined them in the year 1840. 
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On the contrary, in the central tracts between the Ural Mountains imd the 
Volga (as on the IMoma and Eidash, tributaries of the Biver Kama) the lime- 
stone, which in some tracts assumes a definite horizon and is underlain by 
coarse grits, is repeated at various levels in a succession of beds, interlaminated 
with sandstones, as well as yellow, white, and greenish marls, occasionally con-, 
fa.iTiiTigr Plants, also «Tn«11 seams of impure coal, — ^the whole being surmounted 
by red grits and conglomerates, with copper-ore. 

The calcareous and gypseous deposits which interlace this series are throughout 
characterized by a similar group of fossils, and even by some of the same species 
as those of the Zechstein of Germany and the Magnesian Limestone of England ; 
whilst the beds of copper-grit, with the greatest part of the red conglomerates, 
which in the vast undisturbed region of Permia are uppermost, contain bones 
of a genus of Reptiles which in German y occurs in the copper-date beneath that 
limestone. Plants, also, which are generically allied to the old Carboniferous 
flora are of frequent occurrence in the Governments of Perm, Orenburg, and Ka- 
zan, where they often lie in red sands and marls above all the limestones. 
Indeed several of these vegetables are identical with species described by Colonel 
Gutbier from the argillaceous beds of Zwickau in Saxony, belonging to the Both- 
liegende beneath the Zechstein; and Gdppert has since demonstrated the gene- 
rality of this arrangement. 

The exploration of this diversified Permian group of Russia, therefore, taught 
geologists not to dwell on the local mineral distinctions of Central or Western 
Europe, but to look to the wide spread of certain fossil remains, which, in vastly 
distant countries, occupy the same general horizon, though in different subdivi- 
sions of a group which clearly lies between the Carboniferous rocks beneath and 
all those overlying strata which are called Secondary or Mesozoic. 

The survey further proved, by the extension of some of these fossils upwa^s 
into red and green marls and sands ^ar above the chief bands of limestone with 
well-known Zechstein fossils, that the Zechstein could no longer be properly 
considered, as in Geimany, the summit of this natural group. Let us now, 
therefore, consider the natural features and characters of the group in that 

country. 3 

Pennian Bodes of Germany .— the publication of the work entitled 
^Russia and the Ural Mountains,’ above referred to, and three years after the 
word ^Permian’ had been proposed, I reexamined those tracts of Germany 
where rocks of this age are best developed and had long been known through 
the writings of native geologists. Having since explored these lands upon three 
difterent occasions, during the first two of which I was accompanied by Professor 
Morris, and in the last by Professor Rupert Jones, a condensed view, with some 
additional illustrations, of the development of this natural group in Germany is 


In the early days of our science, when Werner and his coteniporaries clearly 
distinguished the different strata now united as the Permian group, it wm 
natural "that geologists should adopt the names applied to these rocks by the 
miners of Saxony. The extraction of copper from a widely persistent but 
thin course of dark-coloured cupriferous shale, necessarily led the native work- 
men to assign certain names to the strata above and below the money-making 
band. Hence, the overlying red variegated san^tones being gener^y n^ed 
* Bunter Sandstein,’ or variegated sandstone, the limestone beneath this,^im- 
mediately above the copper-echiet, was termed < Zechstein ; the whitash and 

U™ derived hie profit 

formerly a woU-known coin in Germany, because 
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grey pebbly beds subjacent to this metalliferous layer^ and in which a little 
copper-ore is also occasionally diffused, were designated ‘ Weiss-liegende ; ' and 
the great underlying mass of red conglomerates and sandstones, in which no 
trace of ore was detectable, received the expressive name of ^ Both-todt-liegende/ 
nr the * Ked dead underlier.’ These names having remained attached to such 
rocks, it is far from my wish to disturb any of them. On the contrary, in pro- 
posing the term ^ Permian ’ I wished simply to show that they constitute one 
natui^ group terminating the Palaeozoic series, as seen in the region of Permia. 
This group, distinct from the Coal-formation beneath, has for its base the Roth- 
todt-hegende, and for its summit the lowest and thinnest member only of the 
great deposit of red and variegated sandstone, known in Germany as the Bunter 
Sandstein. This view, which I applied to the German succession after my last 
exploration of Russia in 1844, was the natural result of the similarity of the 
fauna and flora of this age in both countries. 

As there is no portion of Northern and Central Germany in which the Permian 
group is more obviously separated from all imderlying and overlying strata than 
in the tracts which flank the Thuringerwald, let us first consider its relations in 
those interesting districts. Ranging from S.E. to N.W., the chain of the 
Thuringerwald is mainly composed, in the former direction, of those Silurian, 
Devonian, and Lower Carboniferous rocks which were formerly merged under 
the term ^ Grauwack^,’ and the relations of which will be explained in the 
subsequent Chapter on Germany. Towards its north-western termination 
the nucleus of the range consists of crystalline schists pierced by granitic 
rocks and greenstone, as well as by porphyries, which throw off on both 
the south-western and north-eastern faces strata composing the Permian 
group. In proceeding from the S.E. to the N.W,, or along the axis of the 
chain, the observer finds that he is travelling along a ridge chiefly occupied by 
porphyries, both black and red (the latter much predominating), and consti- 
tuting the highest watershed of the wild woodlands, known as the Rennsteig. 
On either side of this central axis there are valleys, both longitudinal and 
transverse, forming deep indentations in the chain itself, in some of which there 
are exceptional outcrops of grey and dark-coloured schistose beds, occasionally 
containing a few fossil Plants, and in rare localities some beds of coal. These 
strata, differing considerably in mineral character from the Lower Carboniferous 
strata which have been raised up with the Devonian and Silurian rocks of the 
Southern Thuringerwald, manifestly belong to the so-called Upper Coal of 
Germany. Such coal is most developed at the southern end of the Thuringer- 
wald, where several beds of it have been reached by shafts which pass through 
vast thicknesses of overlying Roth-liegende. Towards the N. W., these deposits, 
detected at but few spots, have been found to contain coal only in the valleys 
west of Hmenau, where, in the vicinity of certain eruptive rocks, the coal-beds 
are brought near to the surface. 

The object in here alluding to these Carboniferous strata, whether productive of 
fuel or not, is simply to point out that wherever they can be observed they filre here, 
as in other parts of Germany, unconformably and transgressively overlain by 
the Roth-liegende. Whilst the former, j udging frofii their fine lamination and im- 
bedded fossil Plants, resulted from tranquil deposition underwater, the latter was 
formed during a period of great disturbance of the surface, accompanied by the 
extrusion of much igneous matter, and the powerful aqueous translation of many 
broken materials of preexisting rocks. It is by the unmistakeable signs of such 
causation that the basement strata of the Permian group are so visibly charac- 
terized, and that they difler so essentially from those which preceded them. 



Section across the North end of the Thdringerwald, near Eisenach, showing the Permian Bocks. 



In truth, various rocks of igneous origin have penetrated the Thiiringerwald 



from a very early period; but it is only on ascending 
to the Roth-liegende that we are surrounded with 
cotemporaneous porphyry; so that, as well laid 
down on Credner’s map, the northern part of the 
chain is seen to be, to a great extent, occupied by 
red porphyries, which rise to the highest centnd 
summits, such as the Inselsberg and Schnee-Eopf, 
the latter 3300 feet above the sea. It was there- 
fore in this, the earlier part of the Permian era, that 
those grand protrusions or eruptions took place, 
from S.E. to N.W., which obscured the ancient 
physical direction of the slaty rocks that trend 
from N.E. to S.W., and determined the notable 
fact that the axis or watershed of the ridge ranges 
from S.E. to N.W., or at right angles to the sti^e 
of the old slaty ridges. 

The porphyries which ushered in a new series 
of deposits are immediately flanked on either side 
of the Thdringerwald by the Permian group, which 
is interposed between the older rocks and the 
tranquilly deposited Trias. Now, at the north end 
of the Thiiringerwald, where all such older rocks 
subside, as at and near the town of Eisenach, the 
core of the chain is composed exclusively of a 
splendid development of Roth-liegende, succeeded 
on either side by all the other members of the 
Permian group, the whole being symmetrically 
united. Here, in the deep valleys excavated in the 
Roth-liegende, the tourist meets with picturesque 
clifls amidst luxuriant foliage ; and here it is that 
the geologist is specially invited, with Credner’s 
map and Senft’s descriptive work in his hand, 
to study the characters of the lowest member of 
Permian deposits, which, in this neighbourhood, is 
expanded to the vast dimensions of at least 40CX) 
feet. This fact has been ascertained by boring 
through the lowest visible portions of this great 
accumulation in search of coal, to the depth of 
2600 feet in nearly horizontal strata, and by adding 
to the subjacent red sandstone, shale, and pebble- 
beds the thickness of the overlying deposits which 
are exposed in this hilly tract. In the lowest strata 
bored through were found fragments of silicified 
Plants (stems of Araucarites, &c.), similar to those 
which will presently be spoken of as occurring in 
* the escarpments of the Kyfhauser, to the south 
of the Harz. 

The reader will therefore understand that, thick as 
the Roth-liegende appears to be in the accompany- 
ing woodcut, which I prepared in 1867 after reexa- 
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mining the tract in company with my able instructor Professor Senft of Eisenach, 
and Professor Rupert Jones, it is the upper portion only of that deposit which is 
exposed. All the ascending order from it to the supeijacent Permian rocks has 
now, by the cutting of the Frankfort Railroad, been as clearly laid open to the 
W.S.W. as it was previously on the eastern or opposite side of Eisenach. 
The reader who inspects this section will, therefore, have a good idea of the 
development of the Permian rocks of Northern Germany, with the exception of 
the lowest beds of the Roth-liegende. 

At the north-eastern extremity of the Thiiringerwald, the mass of red rock 
a in the section is seen to be covered by about 1400 feet of strata of red breccias, 
conglomerates, sandstones, and shale (5, c, cf), terminating upwards in the light- 
coloured or whitish conglomerate («) which supports the Kupfer-Schiefer (/) 
and Zechstein (^), surmounted by the Bunter Schiefer (A). 

The bands of the conglomeratic series, well exposed on the sides of the steep 
hills on either flank of the valley of Eisenach, and under the lofty hill on which 
stands the old Castle of Wartburg, celebrated as the residence of Luther, have 
been named by Professor Senft, in ascending order, thus : — 

1. Quartz-conglomerate (6). This is truly a breccia composed of angular frag- 
ments, chiefly of quartz, in a red matrix, but with some fragments of mica-schist, 
slaty rocks, old porphyries, &c. This rock, though extensively denuded in the 
valley of Eisenach, rises to the west of the town into peaked and turreted masses 
having a thickness of 600 feet. It is well to remark here that this and the 
other so-called conglomerates of this age in many parts of Germany are es- 
sentially angular breccias, which could not have been formed by the rolling 
action of waves on a shore, but must have been tumultuously and suddenly 
heaped together. 

2. Dark red shale and sandstone (c), 250 feet. Those beds, on the contrary, 
mark a period of quiescence, when the finely triturated sand and mud were ac- 
cumulated. 

3. Granitic conglomerate (tf), also a breccia ; chiefly distinguished by contain- 
ing fragments of a granite now unknown in the Thiiringerwald, but resembling 
a rock still visible in the ITarz. This breccia, with interlaminated bands of 
deep-red sandy shale, supports the Castle of Wartburg Folding over to the 
west, this last-mentioned rock has been tunnelled through in making the railroad 
to Frankfort, and is ascertained to have a thickness of about 500 feet. 

Now, whether we follow these rocks to the west or to the east, we find that 
the uppermost portion of the granitic breccia or conglomerate, as indicated in 
the section, graduates upwards into, and is succeeded by, another conglomerate, 
ey of a light-grey colour, and therefore called locally the ^ Grau-liegende ’ by 
Senft. This is the ^ Weiss-liegende ' of most German authors, and lies imme- 
diately beneath the Kupfer-Schiefer. Mineralogically, it is perfectly united with 
the subjacent Roth-liegende and with the overlying Copper-slate, /, by the dif- 
fusion of slightly cupriferous green earth through all the junction-beds. Again, 
in ascending still higher, an equally clear transition into the overlying lime- 
stone is seen by the conglomerate becoming somewhat calcareous and cuprife- 
rous; whilst in other parts of Germany, as near Gera, fossils even of the 
Zechstein have been found in this conglomerate subjacent to the Kupfer- 
Schiefer. Then follows the thin black coiu’se of the Kupfer-Schiefer, /, with its 

* This is the castle in which the great Pro- gende/ is not fortunate ; for Geinitz applies it, as 
testant reformer, Luther, was seelu^d by the we shall presently see, to the lowest member of the 
Elector of Saxony. deposit near Dresden. ‘Weiss-liegende’ is the 

t The employment of this term, ‘ Grau-lie- usual term. 
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numerous and well-known fossil Fishes, which is succeeded by the thick-bedded 
Zechstein, p, and its overlying dolomitic members and thin layers of fetid lime- 
stone, the ^Stinkstein’ of the Germans. In other sections on the sides of 
the Thuringerwald gypsum occurs (and occasionally in large masses) in this 
upper limb of the limestone, as at Rheinhardts Brunnen on the east, and 
again near Liebenstein on the west ; but on either side of Eisenach the do- 
lomite is simply succeeded by thin-bedded upper courses of fetid limestone or 
Stinkstein. 

Here, however, as indeed everywhere in this region of Germany, the highest 
calcareous layers of the Zechstein are conformably overlain by red shale and 
sandstone, somewhat calcareous in some of its beds, and passing upwards into 
sandstone (A, in the foregoing section). This last-mentioned rock 
was formerly classed by native geologists with the overlying Bunter Sand- 
stein 5 as, however, it forms the natural cap of the Zechstein, I united it 
with that rock — the more so as throughout large regions of Russia it is in 
marls, sandstones, and conglomerates lying above the Zechstein with fossils 
that Plants and Proterosauri are found which are identical with species from 
the Roth-liegende of Germany beneath that limestone. 

In addition to the proofs drawn from the environs of Eisenach *, many other 
sections precisely similar might be cited from either flank of the Thuringer- 
wald, the details of which are given elsewhere j for, whether we refer to the 
eastern side of the northern portion of the chain at Schmerbach, Kabarz, and 
Seebach, or to the western side at Kupfersuhl, Gliicksbrunn, and Marksuhl, the 
subdivisions of the Permian group are seen to l3e naturally united t* 

A similar order is observable in the undulating region which extends north- 
westwards from Reichelsdorf to the banks of the Fulda. Whilst the Kupfer- 
Schiefer of the tract around Reichelsdorf, has afforded numerous fossil Fishes 
and other remains, it is on the right bank of the Fulda, betwren Rotheburg and 
Altmorschen, on the north side of the railroad leading to Cassel, that the clearest 
evidences are afforded of that transition from the Zechstein upwards into over- 
lying sandstones on which I lay so much stress. There the Zechstein is observed 
to form the central mass of the red hills, having in its higher part large masses 
of gypsum, more or less amorphous, which are capped by thin layers of fetid 
limestone. The upper bands of this limestone, parting with their calcareous 
matter, gradually pass up into red schistose and flagstone layers and red and 
green marls, the whole covered by whitish-coloured pebbly sandstones. All 
this succession is often clearly exposed in one and the same hill, the strata being 
slightly inclined to the north. 

A like succession is further traceable along the eastern face of the older 
schistose rocks (chiefly Devonian), which range from Marsberg and Arolsen by 
Sachsenhausen, and are even traceable at Marburg. Reappearing in the broad 
Permian tracts of the Wetterau, the same relations are prolonged to the environs 
of Hanau, east of Frankfort on the Maine {. 

* The explorer who has only a few hours at his and Lower Bunter Bandstein were so oorreotly 
disposal should walk up the high ground called laid down by M. Ludwig in the Geological Map 
GUppels Httppe. S.E. of Eisenach, and there see of the countfr to the N.E. of Frankfort, that the 
how conformably the Zechstein is capped by the geologist has but to unite these three under one 
red * Band-Schiefer’ (see the section at p. 315). name, and he has at once the Permian group. 

t For detailed iUustrations of this order of the The finest collection of the fossils from the Zech- 
Permian rocks on the flanks of the ThUringer- stein of the Wetterau is in the possesuon of M. 
wald. see the transverse sections, jpl. 3, which ac> Boessler of Hanau. Numerous Permian fq[>eoies 
company M. Credner*s Geologicm Map ; also the of Mollusks, Corals, Entomostraoa, &o. which are 
memom by myself and Professor Morris, Quart, common to Britain on the west and Busaia on the 
Joum. Geol. Boo. vol. xi. p. 424, with sections. east, are found at the localities of Belters, Blei- 

T The divisions of Both-liegende, Zechstein, ohenbach, Hi^fi^den, BUdingen, Bfiokingen, &o. 
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In all these countries, and throughout the region between the Thuringerwald 
and the Harz, there is, I maintain, no difficulty whatever in separating the red 
rocks which form the natural cover of the Zechstein from the real formation 
of Hunter Sandstein, which is naturally connected with the Muschelkalk, 
and forms the true base of the Trias. On this point it may further be observed 
that in no part of Germany has there been detected in the sandstone forming 
the cap of the Zechstein a fossil which can be referred to a Mesozoic age ; 
whilst the only Plant found in such red rock is the Calamites arenaceus, Jager, 
which is manifestly a Palssozoic form. 

Reverting to the great inferior member of the Permian group, attention should 
be specially paid to its extraordinary variation in thickness — a characteristic 
feature, indeed, of all conglomerates. Thus, whilst, as above cited, it has a thick- 
ness of 4000 feet at Eisenach, yet, near Schmerbach and Seebach, a few miles 
only west of that place, where porphyries rise up behind it, no more than 100 or 
200 feet of this deposit are exposed ; and yet we there see quite as clear and 
conformable a transition from the red rock beneath into the ^ Weiss-liegende ’ 
above it, and thence into the Kupfer-Schiefer and the overlying Zechstein, as in 
the large diagram at p. 315. 

Fermian Hocks surrounding the Chain of the Harz . — The older sedimentary 
rocks constituting the nucleus of the Harz, and the chief eruptive rocks of that 
remarkable region, will be described in a subsequent chapter. The Permian 
deposits which form a girdle around that mountainous mass, which trends from 
W.N.W. to E.S.E., or nearly at right angles to the original direction of the 
older and elevated rocks, are quite analogous in their general relations to those 
of the Thuringerwald and the broad tracts to the west of it ; but there are local 
features peculiar to the Harz which demand notice. As around the Thuringer- 
wald, we equally well see the same ascending order of the three chief subdivisions, 
all symmetrically united in one physical group which is separated from the 
Upper Carboniferous rocks beneath, and from everything Triassic above it ; in 
like manner, also, the conglomerates of the Roth-liegende are found to be local 
accumulations only, extremely thick in some places, and vei*y thin (or even dying 
out) in others. 

Referring to another work* for such variations of detail exhibited by the 
Roth-liegende and overlying deposits as are seen in the environs of Mansfeld 
and Eisleben, there are still, however, two features in the Permian group as 
exhibited in the region around the Harz which deserve notice. These are, that 
the lower members of the Roth-liegende, which are not exposed at Eisenach 
(p. 316), are much developed, and, next, that the upper member of the Zech- 
stein is more largely composed of masses of gypsum, often amorphous, and 
attaining enormous dimensions f. 

Although there are many places along the southern and eastern flanks of the 
Harz where the upper member of the Roth-liegende is well exhibited, par- 
ticularly in its relations to the overlying Zechstein, and of which proofs have 
already been given, the tract where the inferior member is, as far as I know, 
most fully displayed is on the northern escarpment of the bold Permian outlier 
the Eyf hauser — so called from the ruins of an imperial residence, of that name, 
which stands on one of the north-eastern summits of this hilly and insulated 
mass. 

* B«e memoir by myself and Prof Morris, their copper, silver, and ^psum, have been de- 
Qoart. Jonm. Geol. Soo. voL xi. p. 400. scribed in detail by Mr. W. P. Jervis, F.G.S., in 

t The Permian rocks of Mansfeld, Eisleben, the *Jounud of the Society of Arts/ (1861), vol. iz. 
and the Kyfh&user Hills, especially in relation to pp. 502, 608, 616, &o. 
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On proceeding from Stolberg and its old rocks on the south flank of the Harz, 
and reaching thei|pm of Eelhra in the rich valley termed the Goldene Aue, the 
surface of the reWcoloured arable fields is seen to be studded with fragments, 
often 2 or 3 feet long by 1 or 2 feet in diameter, of silicified stems of trees, 
which for the most part belong to the Plants termed Araucarites and Psaro- 
nites, the latter being unknown in any other deposit save the Koth-liegende of 
the Permian group. 

Standing on this red plain, the spectator has in face of him, to the south, a noble 
escarpment rising to upwards of a thousand feet high, the whole of which, 
ranging westwards from the ancient tower of the Kyfhauser by the Rotheberg, is 
composed of various strata of the Roth-liegende, whether of pebbly beds, sands, 
or shales, piled symmetrically on each other. In parts, as near the well-known 
and picturesque Hermitage on the Rotheberg, so much frequented by German 
summer tourists, the deposits have been broken through by eruptive rocks, 
chiefly syenitic greenstone ; but a little to the west of this disturbance all the 
strata are admirably exposed in the sides of the great highroad leading to 
Frankenhausen, which, by a series of traverses, mounts up to the summit of the 
hills. Now, whether, in making that ascent, we examine the base, as composed 
of finely laminated, earthy, deep-red sandstone, or the middle, of harder and more 
thickly bedded sandstones, or approach the summit, where light-coloured pebbly 
beds, used as millstones, are largely quarried (the latter being covered by other 
red marls and sandstones), we find throughout numerous fossil trees, regularly 
imbedded and lying either in horizontal positions or slightly oblique to the 
strata *. 

To the west and south-west, these noble masses of red conglomerate and sand- 
stone, followed by other red strata, are seen to be succeeded by the Zechstein, 
with huge associated bodies of gypsum, which in their turn are surmounted in 
the same hills by other red tocks. 

Here again, therefore, as everywhere in Northern Germany, the tripartite 
division is apparent, and the Zechstein (in this tract usually with masses of gyp- 
sum) is seen to be simply the central body of the great red Permian group. 

There are, however, many spots along the south flank of the Harz, and also 
to the south of the Kyfhauser promontory, where the gypsum is swollen out to 
masses of enormous dimensions, and is devoid of a regular capping of red sand, 
or indeed of any superjacent stratified deposit. In these cases it would seem 
that a former agency acting from beneath, along a great line of fissure, has 
greatly affected the rock, and changed the carbonates of lime into sulphates ,* for 
there are some places where the bedding and colour of the layers are still evi- 
dent, and others, again, where the whole have been converted into amorphous 
and unstratified masses of huge dimensions. Not only do these masses of gyp- 
sum form lofty escarpments, usually blanched by atmospheric action, but at 
Frankenhausen where extensive salt-works have long been carried on, the 
borings were made through 1173 feet to reach the rock-salt. Now, in aU this 
thickness, with the exception of the uppermost 93 feet, which consisted of red 
sand) apparently the detritus of the overlying red strata of the country, the 
whole subterranean mass was found to be gypseous, with occasional intercala- 
tions of limestone and argillaceous way-boards, as if to show that the sub- 

* So numerous are these fossil trees, that ten seats. One tree, lying in and crossing the 
of the largest are arranged around a central p^ra- strata obliquely, measured 42 feet in length, with 
mid of other and tMnner stems on the summit of a diameter of l8 inches, 
the high road leading firom Kelbra to Franken- t See Map ofthe Kyfhauser and Frankenhausen, 

haus^. The large silioifled stems on the exte- Leonhard und Bronn’s Neues Jahrb. 1847, pL 18. 
rior, some of them 3 to 4 feet in diameter, form 
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stances had once been regularly stratified. This phenomenon^ in a tract the 
northern part of which is characterized by stratified rocks c^he same age and 
of no great thickness, affords a strong argument in favour of metamorphic action 
having proceeded from great depths, and of its having acted in this expansive 
manner along a line of fissure. 

That this huge and irregular mass of gypsum at Frankenhausen* is the result 
of a great change is proved by proceeding from the north southwards, along the 
highroad which traverses the Kyfhauser promontoiy. There the lower fiag- 
like calcareous layers of the Zechstein are seen to slope away regularly, at 
a small angle from the red sandstones on which they repose. Next, after 
some contortions, the whole rocky precipitous cliff, from the summits of which 
the watch-towers of the ancient town of Frankenhausen frown over the southern 
plains of red land, is seen to consist of gypsum, in most of which there is no re- 
gularity of stratification. The bore-hole at the base of this cliff was also 
chiefly made in gypsum ; but M. von Dechen informs me that there were occa- 
sional interpolations of limestone and argillaceous schist with various sand- 
stones t ; so that, whilst the German geologists consider this gypseous mass to 
be subordinate to the Upper Zechstein only, I would suggest that the fact of 
the intermixture of such mineral substances looks very like the result of a great 
disturbance, accompanied by a considerable change of character in the rock. My 
own views ore expressed in this generalized woodcut : — 

Relations op Gypsum to the Zechstein at and near Frankenhausen. 

N. S. 

South edge of the 

Kyfhauser Hills. Frankenhausen. 



d. Lower Roth-liegende. e. Upper Rofch-liegende. g. Zechstein. 
g*. Altered Zechstein and gypsum. 

The phenomenon of the vast expansion of gypsum occurs at various other 
places on the southern flank of the Harz, and is strikingly demonstrated at Ar- 
tem, ten miles east of Frankenhausen, and probably on the same line of meta- 
morphism. There, according to von Dechen, the strata, consisting of—lst, over- 
lying red sandstone ; 2ndly, gypsum ; 3rdly, Zechstein in the form of stinkstein j 
4thly, gypsum — ^were penetrated both by shaft and borings to the depth of 1017 
feet before the rock-salt was reached J. 

In this way we obtain evidence that in Northern Germany, just as in the south- 
eastern Steppes of the Kirghis to the south of Orenburg § in Russia, the rock-salt 
and gypsum are fairly subordinate to the Permian group, both these mineral 
masses having apparently resulted from metamorphic action. 

t I am indebted to my friend Oeheimrath the west of the Thiiringerwald, and which German 
H. von Dechen. the celebrated geologist (to whose geologists have placed in the Bunter Sandstein, 
neat map I shall hereafter have occasion to re> really rise, like the salines of frankenhausen, 
fer), for all t^e information I possess respecting Artem, and many other places, from rock-salt 
the borings at Frankenhausen. He further states subordinate to the Permian group. The shafts at 
that the npsum was traversed by numerous Salzungen having passed through the red sand- 
cracks, the de^st of which was seen at 743 feet stone, borings were made to a depth of 600 feet, in 
below the surf^, such cracks being filled with which gypsum was traversed, as well as dark ar- 
sand and pebbles. gillaoeous strata. 

2 After a visit to Balzungen in the company of $ 'Bussia and the Ural Mountains,' vol. i. 
the late Duke Bernhard of Saxe Weimar, I infer p. 184. 
that the saline waters of that place, which lie to 
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The geologist who follows the Zechstein along yarious tracts is constantly, in- 
deed, induced to account in a similar manner for a sudden expansion of that 
bedded deposit into amorphous dolomite; for, although there are numerous 
tracts w^jere the upper portion of the formation is a regularly bedded magnesian 
limestone resembling that of Britain, yet as we often see the rock at the distance 
of a mile from where it is a flat-bedded limestone of small dimensions suddenly 
swell out into a precipitous, amorphous mass, characterized by caverns and irre- 
gular joints, it seems impossible to doubt that this change has also been caused 
by a powerful metamorphosis. This rapid change can be observed by any one 
who, frequenting the baths of Liebenstein on the west flank of the Thiiringer- 
wdd, shall first examine the stratified Permian hills to the west of Gliicksbrann, 
with their strata of Weiss-liegende and Kupfer-Schiefer surmounted by Zech- 
stein and red flaggy sandstone (Lower Bunter), and then cross from the escarp- 
ment over several protrusions of porphyry in the valley to the east, which have 
much altered the strata in contact, until he is stopped by the precipitous face of 
the towering masses of dolomite which suddenly rise up and constitute pic- 
turesque eminences 200 feet above the low tract, as in this woodcut. 

Conversion op bedded Zechstein into amorphous Dolomite. 

W. Hills N.W. of GUticksbrunn. Valley of GUlloksbrunn. Altenstein. E. 



d. Roth-liegende (not seen in this part of the tract), c. Weiss-liegende with some 
copper-ore. /. Kupfer-Schiefer, rich in copper-ore and fossil Fishes, g. Zechstein, 
with fossils, h. Red sandstone (roof of the Zechstein). g^. Altered Zechstein (Dolo- 
mite). *. Eruptive rocks, m. Micaceous schist and altered rocks. 


The identity of the amorphous aubcrystalline dolomite of the cliff with the 
stratified limestone of the adjacent lower country is here demonstrated by the 
clearest evidence ; for the same species of shells which exist in the flat-bedded 
strata, g^ of the low arable hills on the east are here detected in the unbedded 
wild clifis of dolomite with their deep fissures and long caverns, 

In thus briefly alluding to the striking features of amorphous gypsum and 
dolomite which reoccur at intervals in many parts of the range of these lime- 
stones of the Permian group, it is also to be noted that along these lines of me- 
tamorphism the same rocks often contain rich masses of spathose and hematitic 
iron-ores. This is specially observable on the western flank of the Thiiringer- 
wald, to the east and south of Inebenstein, where the Zechstein has been intruded 
upon by porphyritic and granitic rocks. 

In advancing from the environs of Saalfeld, where the Zechstein and Weiss- 
liegende (the latter becoming red in parts) rest upon the edges of the Upper 
Devonian and older Carboniferous rocks, we meet with numerous knoUs of gyp- 
sum, both stratified and amorphous, with much iron-ore, both of which have been 
described by Richter t; whilst at Essig and Pbssneck the calcareous matter 
again rises up in apparently unbedded dolomitic bosses, which on disintegration 
have afforded numerous characteristic fossils %. J 

t Einladungsprogramm der Beal-Sohnle, &o., Saalfeld, p. 21. M- 

f The Altenburg of Pbaaneok haa afforded to the researohea of the Bev. Mr. Sohrwrt a fine oolleo- 
tion of foBsilB. ^ 
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Persistent in its character of contraction and great local expansion^ the Roth- 
liegende, which has thinned out at Saalfeld, resumes its importance at Gera^ near 
to which place it is to be partially seen, underlying and fairly passing into the 
Weiss-liegende ; whilst to the north of that city, the lower red depojit, rising 
out from beneath all the Zechstein series, swells out to a vast thiclmess, and 
again occupies a broad tract extending fer into Saxony on the north and east. 
The memoirs of Dr. Liebe, of Gera *, have fully explained the positions of the 
fossils which occur in such abundance in the environs of Gera, and which can be 
so well studied in the fine collection of M. Dinger of that town f. 

The material point which I seek to establish is, that there, and on the right 
bank of the Elster, the geologist sees a section which leaves no doubt of the pro- 
priety of binding together the different members of the Permian group in the 
manner indicated. 

It is true that on the banks of the Elster, near Gera, the uppermost bed only 
of the Roth-liegende can be observed ; but as this deposit has been pierced to a 
great depth in fruitless searches for coal on the opposite bank of the stream, no 
one can doubt that the true Permian foundation-rock is here developed on a great 
scale. The upper member of the Roth-liegende, which is there visible, presents 
all the unmistakeable characters of the deposit, being made up of fragments, more 
or less angular, of quartz, lydian stone, and particles of the older rocks in a deep- 
red sandy paste, here and there spotted with green. This rock passes gradually, 
and without the smallest appearance of discordance or separation, into a lighter- • 
coloured conglomerate of about 10 feet in thickness, composed of broken fragments 
of quartz-rock and greywack^, somewhat ochreous downwards, and becoming 
white, or light-grey, upwards. The latter rock, containing many of the same 
fragments as the lower red mass, has in its upper part a calcareous and highly 
magnesian, instead of a siliceous and argillaceous paste. 

Now this whitish conglomerate, which is truly the upper part only of the 
Roth- and Weiss-liegende, and is conformably overlain by the Kupfer-Schiefer, 
already contains the following fossils, so typical of the Zechstein in various 
countries : viz. Productus Cancrini, de Vern., Lingula Credneri, Gein., Stropha- 
losia Leplayi, de Vem., Avicula, Pecten Mackrothi, von Schaur., Terebratula 
Geinitziana, with the Plants Ulmanma frumentaria and Ul. lycopodioides, Gdp- 
pert, &c. 

In this way the basement conglomerate rocks are linked on by these animal 
remains, as well as by chemical constitution J, to the calcareous central strata. 
At the same time it is worthy of consideration that the same species of MoUusks 
were in existence whilst the action which evolved the inferior conglomerates was 
drawing to a close, and that even subsequent to the appearance of such MoUusks 
a remarkable change occurred in the sea-bottom, by which the dark-coloured 
mud, occupied by the remains of peculiar Fishes, and known as the ^ Kupfer- 
Schiefer,^ was spread out over a wide region. But the calcareous element recur- 
ring, the same Mollusca again fiourished, and became still more abundant in the 
overlying Zechstein. 

Difference between the Permian Rocha of Northern and SotdJwm Germany , — 
Although not yet very exactly defined in geological maps along its southern 


* See Zeitsohr. Deutsch. 0-eol. Geselli. toI. ril. 
p. 406 &c. 

t Br. Liebe and M. Dinger obb’gingly accom- 
panied Processor Bnpert Jones and myself to ^e 
examinatior. of the strata here described ; and we 
were much gi itided by the inspection of numerous 
beautiful fossiJs in the museum of the last-men- 
tioned gentlemuu. The collection of the Bey. M. 


Maokrode is also celebrated. 

I Bee Liebe's Notice on the conglomerate Zeoh- 
steiu. Zeitsoh. Geol. Gesells. ix. p. 407, which 
shows an increase fit magnesia from the Both- 
liegende into the Weiss-liegende, and a greater 
quanti^ of it in the pebbly Zechstein than in the 
overlying Zechstein. 
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boundary, it may be said that, where the Permian gronp maint a ins its fhll cha- 
racters, lithological, zoologicid, and geological, it is a northern deposit. Drifted 
blocks at Spitzbergen indicating its presence in that region *, we have evidence of 
its presence in the most northern parts of Eastern Europe, extending even to the 
White Sea, and ranging southwards throughout Bussia, and on the vrestem 
flanks of the Ural Mountains, to beyond 60® of north latitude, south of Orenburg. 
In following this parallel to the west, we see that it passes by the northern foot 
of the Carpathians, and that, trending between the Riesengebirge and the Alps, 
it traverses the smaller German States and the North of France, to the south of 
the British Isles, thus leaving to the north all that portion of Europe m which 
any Permian rocks are known. This geographical feature is dwelt upon because 
it is essential to observe that, in following the group in Germany firom north to 
south, it is found to part with its principal calcareous centre and fossiliferous 
meml^r. Thus, to refer once more to the region of the Thiiringerwald, rendered 
BO classic by the map of that sound geologist Credner, and illustrated by the able 
publications of Professor Senft and Baron Schauroth the paleontologist of Co- 
burg, the Permian rocks are seen to part with their calcareous centre as we track 
them southwards to the district lyii^ between Neustadt and Kronachf in Ba- 
varia. There, huge accumulations of the Roth-liegende, overlapping in highly 
inclined positions a thin coal-field, are surmounted by a very poor and meagre 
band of limestone, which further soRrthwards is entirely lost. Again, in ap- 
proaching the Riesengebirge from the southern part of Prussia on the north, the 
Zechstein is exhibited for the last time in the tract near Lowenberg, south of 
Liegnitz. There that rock, resting upon Roth-liegende, and dipping under red 
sandstone, is, as in other places, a poor and thin, deposit when compared with ita 
equivalents on the flanks of the Harz and the Thiiringerwald. 

As soon as we enter into the Riesengebirge, and thence travel southwards 
through Bohemia, or even through the southern parts of Saxony, from the envi- 
rons of Dresden, we nowhere meet with a Zechstein formation like that of 
Northern Germany. In all this southern region the lower member of the group, 
preserving locally the ordinary characters of the- Roth-liegende of the northern 
and western tracts, is one great series of sandstones and conglomerates, which, 
as in the Thiiringerwald and the Harz, is ushered in with the evolution of por- 
phyries. In this series are found many fossil Plants, with here and there cal- 
careous courses, often characterized by Ichthyolites of the genera PalsBoniscus, 
PleuracanthusI, Acanthodes, &c. 

Whilst the Ichthyolites of these Permian strata south of the Riesengebirge are 
like those of the Zechstein, except in the case of one of the genera known in the 
Carboniferous rocks, they differ from the latter, as will presently be shown, in 
specific characters. In Lower Silesia, and particularly in the district between 
Friedland on the north and Braunau on the south, the lower members of these red 
rocks are finely laminated red sandstones, associated with, and in part reposing on, 
red porphyry ; they are covered by other sandstones and conglomerates, ^d con- 
tain within themselves courses of darkish grey or reddish thin-bedded limestone 
charged with Fishes. In examining a dark band of these limestones at Oel ^rg 
near Braunau §, I could not avoid being struck with the analogy of its position 


* See description of the fossils from Spitzbergen 
by Leopold von Buoh, and also by de Koninok and 

Balter.. . a i 

t This interesting district was -nsiW by me m 
1854, accompanied by Professor Moirift when we 
were much indebted to M. Bllttner of Kronach for 
oonduoting us to good sections of the ^-pi^ 
some of which are worked under the Eoth-lie- 


gende, w nd others in valleys below the natorai 
escarpments of the red rock. 

T According to Sir P. Egerton, Xenacanthns, 
Pleuraoanthus, and Diplodus are all the same 
genus. 

\ Aooompanied by Prof. Kupert Jones, I was 
conducted to this spot by my intelligent bo- 
tanical friend Pr. Beinert of Charlottenbrunn. 

Y 2 
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Persistent in its character of contraction and great local expansion, the Roth- 
liegende, which has thinned out at Saalfeld, resumes its importance at Gera, near 
to which place it is to be partially seen, underlying and fairly passing into the 
Weiss-liegende ; whilst to the north of that city, the lower red depojit, rising 
out from beneath all the Zechstein series, swells out to a vast thickness, and 
again occupies a broad tract extending far into Saxony on the north and east. 
Tlie memoirs of Dr, Liebe, of Gera *, have fully explained the positions of the 
fossils which occur in such abundance in the environs of Gera, and which can be 
so well studied in the fine collection of M. Dinger of that town t. 

The material point which I seek to establish is, that there, and on the right 
bank of the Elster, the geologist sees a section which leaves no doubt of the pro- 
priety of binding together the difierent members of the Permian group in the 
manner indicated. 

It is true that on the banks of the Elster, near Gera, the uppermost bed only 
of the Roth-liegende can be observed ; but as this deposit has been pierced to a 
great depth in fruitless searches for coal on the opposite bank of the stream, no 
one can doubt that the true Permian foundation-rock is here developed on a great 
scale. The upper member of the Roth-liegende, which is there visible, presents 
all the unmistakeable characters of the deposit, being made up of fragments, more 
or less angular, of quartz, lydian stone, nnd particles of the older rocks in a deep- 
red sandy paste, here and there spotted with green. This rock passes gradually, 
and without the smallest appearance of discordance or separation, into a lighter- 
coloured conglomerate of about 10 feet in thickness, composed of broken fragments 
of quartz-rock and greywacke, somewhat ochreous downwards, and becoming 
white, or light-grey, upwards. The latter rock, containing many of the same 
fragments as the lower red mass, has in its upper part a calcareous and highly 
magnesian, instead of a siliceous and argillaceous paste. 

Now this whitish conglomerate, which is truly the upper part only of the 
Roth- and Weiss-liegende, and is conformably overlain by the Kupfer-Schiefer, 
already contains the following fossils, so typical of the Zechstein in various 
countries : viz. Productus Cancrini, de Vern., Lingula Credneri, Gein., Stropha- 
losia Leplayi, de Vern., Avicula, Pecten Mackrothi, von Schaur., Terebratula 
Geinitziana, with the Plants Ulmannia frumentaria and Ul. lycopodioides, Gdp- 
pert, &c. 

In this way the basement conglomerate rocks are linked on by these animal 
remains, as well as by chemical constitution |, to the calcareous central strata. 
At the same time it is worthy of consideration that the same species of Mollusks 
were in existence whilst the action which evolved the inferior conglomerates was 
drawing to a close, and that even subsequent to the appearance of such Mollusks 
a remarkable change occurred in the sea-bottom, by which the dark-coloured 
mud, occupied by the remains of peculiar Fishes, and known as the ^ Kupfer- 
Schiefer,’ was spread out over a wide regicm. But the calcareous element recur- 
ring, the same Mollusca again fiourished, and became still more abundant in the 
overlying Zechstein. 

Difference between the Permian Rocks of Northern and Southern Germany . — 
Although not yet very exactly defined in geological maps along its southern 

* See Zeitaohr. Deutach. Geol. Geaella. vol. vii. Maokrode is also celebrated. . 

p. 406 &o. X See Liebe’a Notice on the conglomerate Zech- 

t Dr. Liebe and M. Dinger obligingly accom- atein. Zeitach. Geol. Geaella. ix. p. 407, which 
panied Fro'eaeor Bupert Jonea and myaelf to the ahowa an inoreaaepf magneaia firom the Both- 
examination of the atrata here deacribed; and we liegende into the Weiaa-liegende, and a greater 
were much gi itiiled by the inapection of numeroua quantity of it in the pebbly Zechatein than in the 
beantifhl foam.' a in the mnaeum of the laat-men- overlying Zechatein. 
tioned gentlemun. The collection of the Bev. M. 
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boimdarj, it may be sfdd that^ where tbe Permian gronp TnMTitA.«tft its fdll cha- 
racters, lithological, zoologicid, and geological, it is a northern deposit. Drifted 
blocks at Spitsbergen indicating its presence in that region *, we have evidence of 
its presence in the most northern parts o£ Eastern Europe, extending even to the 
White Sea, and ranging southwards throughout Russia, and on the western 
flanks of the Ural Mountains, to beyond 60 ® of north latitude, south of Orenburg, 
In following this parallel to the west, we see that it passes by the northern foot 
of the Carpathians, and that, trending between the Riesengebirge and the Alps, 
it traverses the smaller German States and the North of France, to the south of 
the British Isles, thus leaving to the north all that portion of Europe in which 
any Permian rocks are known. This geographical feature is dwelt upon because 
it is essential to observe that, in following the group in Germany from north to 
south, it is found to part with its principal calcareous centre and fossiliferous 
member. Thus, to refer once more to the region of the Thiiringerwald, rendered 
so classic by the map of that sound geologist Credner, and illustrated by the able 
publications of Professor Senft and Baron Schauroth the palasontologist of Co- 
burg, the Permian rocks are seen to part with their calcareous centre as we track 
them southwards to the district lying between Neustadt and Kronachf in Ba- 
varia. There, huge accumulations of the Roth-liegende, overlapping^ in highly 
inclined positimis a thin coal-field, are surmounted by a very poor and meagre 
band of limestone, which farther southwards is entirely lost. Again, in ap- 
proaching the Riesengebirge from the southern part of Prussia on the north, the 
Zechstein is exhibited for the last time in the tract near Lowenberg, south of 
Liegnitz. There that rock, resting upon Roth-liegende, and dipping under red 
sandstone, is,, as in other places, a poor and thin deposit when compeired with itt 
equivalents on the flanks of the Harz and the Thuringerwald. 

As soon as we enter into the Riesengebirge, and thence travel southwards 
through Bohemia, or even through the southern parts of Saxony, from the envi- 
rons of Dresden, we nowhere meet with a Zechstein formation like that of 
Northern Germany. In all this southern region the lower member of the group, 
preserving locally the ordinary characters of the Roth-liegende of the northern 
and western tracts, is one great series of sandstones and con^omerates, which, 
as in the Thuringerwald and the Harz, is ushered in with the evolution of por- 
phyries. In this series are found many fossil Plants, with here and there cal- 
careous courses, often characterized Ichthyolites of the genera PalsBoniscus, 
Pleuracanthus Acanthodes, &c. 

Whilst the Ichthyolites of these Permian strata south of the Riesengebirge are 
like those of the Zechstein, except in the case of one of the genera known in the 
Carboniferous rocks, they difier from the latter, as will presently be shown, in 
specific characters. In Lower Silesia, and particularly in the district between 
Friedland on the north and Braunau on the south, the lower members of these red 
rocks are finely laminated red sandstones, associated with, and in part reposing on, 
red porphyry ; they are covered by other sandstones and conglomerates, and con- 
tain within themselves courses of darkish grey or reddish thin-bedded limestone 
charged with Fishes. In examining a dark band of these limestones at Oel Berg 
near Braunau §, I could not avoid being struck with the analogy of its position 


* Bee description of the fossils from Spitsbergen 
by Leopold von Buoh, and also by de Koninok and 
Salter.. . . ^ , 

t This interesting district was visited by me m 
1864, accompanied by Professor Morris, when we 
were much indebted to M. BUttner of Kronaoh for 
conducting us to good sections of the coal-pits, 
some of which are worked under the Eoth-lie- 


gende, and others in valleys below the natural 
escarpments of the red rook. 

X According to Sir F. Egerton, Zenaoanthus, 
Pleuracanthus, and Diplodus are all the same 
genus. 

§ Accompanied by Prof. llni>ert Jones,! was 
conducted to this spot by my very intelligent bo- 
tanical firiend Dr. Beinert of Charlottwbmnn. 

Y 9 
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and relations to those of the Zechstein of Northern Gormany*. The limestoi 
rests upon a black schistose bed, in which copper has been worked 5 and the whol 
reposing upon a vast thickness of red sandstone, is immediately and conformab] 
surmounted by reddish, purplish, yellow, and whitish grits, sandstone, and shal 
In other parts of Bohemia, Fishes similar to those of Braunau, Riippersdorf, &( 
have been detected in red flagstones. From what we saw, it is probable tbi 
there are two or more calcareous beds ^ for the limestone at Halbstadt, only 
few miles to the north of Braunau, is a red and deep-purple rock, wholl 
unlike that of the Oel Berg, and not containing Fishes. 

Again, in the very heart of the conglomerates which, though apparently th 
oldest beds, constitute alone the whole of the Permian rocks visible to the north 
west of Friedland, limestones containing magnesia occur. These brecciatei 
masses and their limestones are well exposed at Traut-Liebersdorf, where th« 
transition from a calcareous conglomerate replete with angular fragments o 
quartz into a coarse calcareous grit, and from that into a limestone which at 
tains a thickness of 30 feet, is readily seen. 

At the Oel Berg near Braunau t, Ichthyolites abound, with many gooc 
specimens of which I was supplied through the liberality of M. !^nedici 
Schroll. These fossils have been submitted to the examination of Sir Philij 
Egerton, who has pronounced them to belong to the genera Palseoniscus 
Acanthodes, Xenacanthus (Pleuracanthus), &c.J. Of these Ichthyolites, the 
most striking and the largest is a Placoid Fish, with a strong defensive spine 
inserted immediately behind the head. This is the Xenacanthus (now more 
properly called Pleuracanthus §) Decheni of Beyrich. It is abundant at Braunau, 
together with three or four species of Paleeoniscus, the chief of which, P. Vra- 
tislaviensis, occurs also at Riippersdorf. Palseoniscus lepidurus and another 
(like P. Voltzii) occur here or at Ottendorf. There is also a species of Acanthodes, 
a genus remarkable for its minute square scales. Now no one of these Fishes 
is of the same species as those of like genera which are found in the subjacent 
Carboniferous rocks. 

The same conclusion has been arrived at by Sir Philip Egerton in the exami- 
nation of the fossil Fishes of Klein Neundorf, which I brought home in 1867 
from the spot. Thus the Acanthodes gracilis from the bituminous schists of that 
locality, which have been considered to be subordinate to the Roth-liegende, 
has also been pronounced to be a species distinct from the A. Bronni of the Coal 
period, a generic resemblance only having led to an erroneous identification. 


To the west of this district there exists the re- 
markable petrified forest of Radowenz and Buchan 
near Adersbach, described by Professor GBppert, 
and to which M. Schroll and Dr. Beinert directed 
my attention : here thousands of tons of silicified 
stems of trees, ohiefiy of the eenus Araucarites, 
are found. I much renet not to have visited this 
sandstone tract, in omer to satisfy myself if it 
really belongs to the Dp^r Coal, as suggested, or 
to tbe Lower Permian. The presence of the Car- 
boniferouB plant Araucarites Brandlingii would 
by no means determine the (Question; for that 
plant does occur in true Both-liegende ; and Gdp- 
pert has decided that at Badowenz it is associate 
with the new form A. Schrollii. See a translation 
of GOppert’s account of this tree-bearing sand- 
stone, as taken from the Memoirs of the Silesian 
Society, Ann. & Mag. Nat. Hist ser. 3. voL i 
p. 236. 

* Professor Naumann has shown how such fish- 
beds occur very low indeed in the Permian rocks 
at Osebatz in Saxony. (See Quart. Joum. Geol. 
80 c. Lond. voL v. p. 2 .) 


t My really scientific friend in this tract, and who 
was of CTeat service to me, is the zealous botanist 
and peJasontologist Dr. Beinert, of Charlotten- 
brunn, whose museum is most instructive, and 
whose beautiful Park, which he has opened to the 
public, is replete with the living and extinct forms 
of „vegetable life, so placed in Juxtaposition as to 
render it well worthy of a visit. 

I As all the species from the Both-liegende 
which have been rigidly compared by competent 
ichthyologists are found to be distinct from those 
of the Coal-deposits, I doubt the accuracy of M. 
Schnur, who has identified the Permian Xena- 
canthus Decheni with a fossil Fish of the Coal of 
Saarbruck. (See Zeitschr. Geol. Gesells. vol. viii. 
p 642.) A noble specimen of Xenaoknthus De- 
cheni (16 inches long) from BUppersdorf is to bo 
seen in the Museum at Bonn (see Leonh. & 
Bronn's Neues .Tahrbnnh, 1849). 

^ See note by Sir P. Egerton in the Ann. of Nat 
Hist, for Deo. 1857, vol. xx. p. 423. The author 
shows that Diplodus is founded on the teeth of 
this genus. 
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Notwithstanding the endeavours of my distingfuished firiend Professor Ferd. 
Komer to dear up the ambiguous relations of the strata near Klein Neundorf 
the section appeared to me to be so very obscure that, even if the Ichthyolites 
found in the schists of that insulated spot had proved to be Carboniferous (which 
they are not, but, on the contrary, distinct Permian types), no satisfewtory in- 
ferences could be drawn. There, to the south-west of the hamlet, schistose grau- 
wack^, like the shillat of Cornwall, and probably of Devonian age, is observaWio 
in the ravines, between which and certain outcrops of Kiesel-Schiefer and amor- 
phous crystallized limestone, and showing no visible connexion either with the 
Roth-liegende or Zechstein, lies the dark flaggy schist, used for slating, which 
contains Fishes and Plants. M. Sachse of Ldwenberg obligingly accompanied 
me to the ground ; and from him I obtained specimens of Acanthode^ gracilis and 
other Fishes, all distinct, according to the latest examination, from Carboniferous 
species. 

The opinion, therefore, of M. Beyrich, that the Roth-liegende should be 
classed with the Coal-deposits, receives the same refutation by a rigid appeal 
to the animal remains as it does from a thorough scrutiny of the vegetable 
contents of the deposit, as will be shown hereafter on the evidence of Professor 
Goppert. 

In my last visit to Bohemia, in 1862, when accompanied by Dr. Anton Fritz 
of Prague, I made a special examination of the tract which, exclusively occupied 
by Permian rocks, lies between the fortresses of Koniggratz and Josephstadt 
on the south and the flanks of the Riesengebirge. This undulating country, which 
is traversed by the railroad from Pardubitz to Zwickau, was the scene of the great 
slaughter which recently took place in many combats between the Austrians 
and Prussians, and ended in the great battle of Sadowa. In this tract the Per- 
mian strata are represented by the Austrian geologists as being divided into no 
less than eight parts, each marked by a separate colour on their maps. Sand- 
stones and conglomerates abound in the lower part, with shales and limestones 
with fossil Fishes like those to be mentioned at Liebenstadt in the central por- 
tion, and again sandstones in the higher, the whole being marked by powerful 
igneous masses, some of w’hich were evidently contemporaneous with the strata, 
others posterior and intrusive f. 

The immediate neighbourhood of Dresden has also proved to be very illustra- 
tive of the great mass of the Lower Permian rocks, under the able researches 
and classification of Professor Geinitz. Every geologist who visits the ad- 
mirable collection in the Z winger Gallery, still more if he has explored the tracts 
where the specimens have been obtained, will recognize the value of such a 

^^^The lowest portion of the Permian rocks of Dresden overlying the Coal which 

# ZAifanhr Q-eol Gesells. vol. ix. p. 61. substitute for it the word ‘ DyM,’ thereby to ex- 

t Forthede8oriptionofthi8traot^yiiivrelf.Bee prees Kott- 

oJart Jc^n. Geo*!. Soo. vol. xta. p. *7 io. , ^ G-Uy 
Eoy-Ureeide^a“S®z“o'S2fn Sf SKOTy/wUoh Uke My other 

SSen For^tion B^em^ 


(in two plates) fer. 4. vol. rxiii. p. 65) ; and fam now happy to find 

^ ■ ’ thattheterm‘lennian*isrtdllgener,£yuBedby 

My eminent friend Professor Geimte, ^r he geologists, 
had adopted the term ‘Permian, thought fit to 
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ia worked ia a grey conglomerate^ made up of fragments of granite, quartz, and 
older rocks, including eyen those of the Upper Coal-strata, over the surface of 
whidi the deposit ranges transgressiyely. Schistose in aspect, and becoming 
reddish in parts only, this bottom Permian rock, which obtained its light colour 
from the breaking up of the whitish Upper Carboniferous Sandstone, contains 
indeed a few layers of Coal formed out of true Permian Plants, including the re- 
markable genus of Palm, Ouglielmites Permianus (so named by Geinitz on account 
of its resemblance to the Guglielma speciosa of the Brazils described by Martins) . 
With this Plant are associated Calamites gigas, Brongn., Walchia filiciformis, 
Sternberg, many Psaronites, and the great Araucarites Saxonicus, some of the 
silicified stems of which, ornamenting the above-mentioned splendid and instruc- 
tive museum, have a diameter of 3 feet. Passing up through this lower zone, 
which has a thickness, in one shaft in the Plauensche Grund near Dresden, of 
about 320 feet, we come to the chief mass of the Roth-liegende, in this district 
between 600 and 600 feet thick^ and perfectiy conformable to the underlying grey 
rock. This mass is made up of the debris of all the more ancient rocks of the 
neighbourhood, including much lydian-stone, granite or granatite, gneiss, grey- 
wack6, and porphyry, some of the fragments being in fact gigantic, as seen near 
Tharande. This rock is also associated vdth bands of porphyry, which Geinitz, 
considering it to have been contemporaneously deposited with the conglomerates 
in the form of lava, has termed ^ Sehlamm-Lava.’ This, though truly an igneous 
rock, is as regularly bedded and jointed as the red strata with which it alternates. 
In the same Iract, indeed, as in many other parts of Central Germany, the dejec- 
tions of porphyry and amygdaloid have been occasionally so mixed up with sand 
and pebbles of the then existing sea, as to render it difficult to decide whether 
the stratum should be referred to an aqueous or to an igneous origin. 

Calcareous matter is here and there sparingly distributed j and a coprolite has 
been detected and described by Geinitz. A limestone band, occurring at 
Schereindorf in the Plauensche Ginmd, and lying between the upper and lower 
or grey member of the Roth-liegende, contains a few indistinct Bivalves and 
Fishes. 

Of the numerous fossil Plants of these Permian deposits in the environs of 
Dresden, and thence extending over the adjacent tracts of Saxony and Bohemia, 
it is sufficient to state for the present that four or five species only are also 
known in the subjacent Coal-strata, thus completely sustaining the conclusions 
dravni by Geinitz and Gutbier * as to the independence of the Permian flora, — an 
inference which, as will presently be shown, has recently been amply confirmed 
by Goppert 

In taking a general view of the Permian rocks of Germany, we see that 
they differ chiefly from those of Russia, in their lithological divisions, by 
exhibiting a much more massive development of the lower member, or the 
Roth-liegende, over large areas, and in not having yet offered in their su- 
perior member, or the red beds above the Zeehstein, those numerous Plants 
and Saurians which characterize the Upper Permian sandstone and con- 
glomerates of Russia. On the other hand, by detecting in Germany many 
of the Plants in the red rocks below the Zeehstein which in Russia lie in 

* Bee *Venteinenmf|'en des Permieolieii Sjb- mian afire, and several are identioal with forma 
temea in Saohaen,' Dresden and Leipsiff, 1849. from Russia, which there lie in strata above the 
Oat of sixty species of these Permian pianui from Zeehstein. 

Zwickau in Saxony, forty are exolusively of Per- 
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red rocks above that rock, all the members of the group are united by pa- 
Iseontological evidences. 

In a general sense it may indeed be said that the Permian of Germany 
is a lower or palaDozoic ‘ Trias,’ the central mass of which is the Zechstein 


j'Eeaper. 



with red sandstone above and below it ; whilst the Upper or Secondary 
‘ Trias ’ is also marked by its middle limestone, the Muschelkalk, with its 
underlying Bunter Sandstein and its overlying Keuper marls. 

Whether the lower ‘ Bunter ’ be abstracted from the Trias or not, let 
me again call attention to the fact that, whilst the Permian and Trias are 
conformable to each other, and exhibit nowhere in Germany any of those 
disseverments which mark the separation of the Lower from the Upper 
Coal of the Continent, their respective fauna and flora are, according to the 
present state of knowledge, entirely dissimilar. The Permian exhibits the 
last traces of primeval life, whilst the Trias is charged with Secondary 
Plants and Animals entirely distinct from all those which preceded them. 

Permian Rocks of Britain ^c, (see No. 8 of the Map *). — The Per- 
mian rocks of Britain, where they are most cleariy developed, consist, in 
ascending order, of the lower red and yellow sandstones and conglomerates, 
the equivalents of the Roth-liegende ; the Marl-slate and Magnesian Lime- 
stone, the equivalents of the Kupfer-Schiefor and Zechstein ; followed by 
certain bands of red sand and marl, as expressed in the preceding diagram. 
The best types, particularly of the calcareous or central portion of this suc- 
cession, are to be seen in the counties of Durham, York, and Nottingham, 
where they were long ago admirably described by Professor Sedgwick t, 
and compared by him with the German deposits of like age. Let us there- 
fore flrst treat of the group in those districts where the clearest relations of 
its chief parts are best exhibited. 

In Durham the lower sandstone is well exhibited at Clacksheugh, three miles 
west of Sunderland, where, on the left bank of the Wear, its lowest portion 

fbl Knowledge (see also new editaona, 1850 
1866, published by Stanford). 

t Bee Sedgwick on the Magneaian Lunestone 
(Trans. Geol. Soc., 2nd aeriea, vol. iiL p. 37). 


» The Permian rooks, as defined in the work on 
Bussia, were first laid down on a Geolodoal Map 
of England constructed by myself in 1843, 
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is a dull-red sandstone lying far above all those strata in which traces of 
coal have been found. This red rock gradually assumes a mottled yellow and 
red colour^ whilst^ in ascending, the yellow colour exclusively prevails in the 
escarpment on the right bank of the river, where a soft yellow sandstone, about 
100 feet thick, and in parts quarried as a freestone, forms the natural and con- 
formable support of the mass of magnesian limestone, the structure of which has 
been well exposed by the cutting of a railroad. These red and yellow sand- 
stones, absolutely dovetailed into each other by mineral characters, exhibit fea- 
tures which are not seen in the underlying Carboniferous rocks, and particularly 
in containing many laminae of false-bedding; whilst their upper and harder 
courses, gradually becoming slightly calcareous, pass up into the thin flaglike 
strata constituting the base of the Magnesian Limestone : both rocks partake of 
the same flexures. The yellow sandstone with white incoherent beds, and an 
overlying marly flagstone, are traceable at intervals through the county of 
Durham, along the foot of the escarpment of the Magnesian Limestone by 
Sherbum and Ferry Hill, and have been traversed by numerous shafts of the 
more recently made coal-pits. 

In numerous places the limestone is united to the sandstone by means of a 
flaglike marlstone, called Marl-slate by Sedgwick, who has shown it to be the 
equivalent of the Kupfer-Schiefer of Germany ; it contains Lingula Credneri, 
Gein., and fossil Fishes of the genera Palseoniscus, Pygopterus, Coelacanthus, 
Acrolepis, and Platysomus, with Plant-remains (Ullmannia). 

The overlying yellow magnesian limestone is most fully exhibited in the bold 
line of coast-cliff extending from Sunderland to Hartlepool, where its litholo- 
gical varieties and peculiarities, including large round concretions and beds of 
flexible sandstone, were completely described by Sedgwick f. In its range south- 
wards through Yorkshire, this rock is characterized by Axinus obscurus, and, 
though lost for a certain distance under younger deposits some miles to the south 
of the Tees, becomes again an important formation between Doncaster and 
Nottingham. Formerly it furnished materials for the construction of the old 
cathedral churches of York, Beverley, and Ripon ; and recently it has afforded 
the chief building-stone for the Houses of Parliament. The accuracy of the 
sections described by Professor Sedgwick so many years ago, in showing the 
relations of this limestone to the sandstone beneath it, and to certain red and 
occasionally sandy strata above it, as exposed in the southern parts of Yorkshire, 
has been demonstrated by the cutting of the railroad from Bradford to Doncaster. 
In that traverse, the observer, who proceeds from west to east, no sooner leaves 
the coal-field than he passes by, 1st, a thin band of lower red sandstone; 


* English geologists will perceive that my views 
respecting the underlying red and yellow sand- 
stone, passing up oonformabiy into the Magnesian 
Limestone, are not in accordance with those pro- 
posed by Mr. B. Howse (Ann. Nat. Hist. 2 ser. 
vol. xix. p. 36), in which he unites these sand- 
stones with the Carboniferous seriea I do not 
admit that the occurrence of a few Plants said to 
be of Carboniferous species in the underlying 
red sandstone at Tynemouth affects my conclu- 
sions as to the true base of the Permian. In 
visiting both banks of the Wear near Clacks- 
hengh, accompanied by Mr. Talbot Aveline, we 
saw proofs of such a g^ual passage of the red 
sandstone into the yellow sandstone, and of the 
latter into the magnesian limestone, that I neces- 
sarily group them according to the olassiflcation 
of Professor Sedgwick. I am bound, however, to 
say that the memoir of Mr. Howse displays talent 
and awiduity, and must be considered a valuable 
contribution to the history of the Permian rocks 
and fossUs. 


t The reader who desires to become acquainted 
with the details of the structure and contents of 
the Magnesian Limestone and associated strata 
should consult the following works : — Sedgwick. 
Trans. Ceol. Soc. 2nd ser. vol. iii. p. 37 ; Bing 
Monograph Perm. Foss., 18.50, and Ann. Nat 
Hist. 2nd ser. vol. rvii. ; Howse, ibid. vol. xix. 
Binney, Mem. Lit. & Phil. Soc. Manchester, voL 
xii. and vol. xiv; Kirkby, Quart. Joum. Geol 
Soc. vol. xvii. & vol. ix.; T 3 me 8 ide Nat-Club 
Transactions, 1866, &c. The six subdivision^ in 
ascending order, of Marl-slate, Compact Lime- 
stone, Maraesian Conglomerate, Shell-limestone, 
Botryoidal Limestone, and Upper Yellow Idme- 
Btone, given by Mr. Howse and r^eated by Mr. 
Davidson as the details of the Permian group 
(Palasontogniph. Soc. Monograph, 1856), are here 
omitted. They are, in fact, merely local subdivi- 
sions of the Magnesian Limestone of Durham, 
and altogether form the calcareous or central part 
only of the natural group defined as Permian in 
Bussia and Germany by myself and associates. 
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2nd, a great mass of the thick-bedded magnesian limestone ; 8rd, a zone of red 
mwl with gypsum ; 4th, the thin-bedded limestone so largely worked in York- 
shire, and which, containing traces only of magnesia, is preferred for agricultural 
purposes ; and, 6th, red sands and marls, which range up to the town of Don- 
caster, and form the summit of the whole group. But, to return to the con- 
sideration of the basement-rock of the group. 

Obscured by overlying formations and detritus in the North Eiding of York- 
shire, the red and yellow sandstones emerge in force between Ripon and Knares- 
borough, and under the Castle at the last-mentioned place are surmounted in a 
striking cliff by the Magnesian Limestone, precisely in the same manner as in 
Durham, the lower part of the yellow rock being underlain by a thick-bedded, 
deep-red, hard, sandy grit. In this district, indeed, and particularly on the 
banks of the Nld near Knaresboroiigh, the inferior red member rises up in 
marked and distinct physical masses, which there merge into an angular and 
subangular quartzose conglomerate, undistinguishable from the Roth-liegende 
of the Germans. Whilst revisiting these scenes of my youth in the autumn 
of 1867, in company with Mr. Aveline, immediately after a tour in the Thiinn- 
gerwald, Harz, and Bohemia, I had no hesitation in affirming that the well- 
known picturesque ^ Plumpton Rocks ’ near Harrogate are identical with the 
quartz-conglomerates of Germany (pp. 316 &c.), whether as regards their ingre- 
dients, colour, false-bedding, or massive stratification. 

In tracing the lower sandstones southwards through Yorkshire, they are seen 
to be quarried in many places to the west of Bramham Moor ; and at Pontefract 
they are largely worked. There the yellow ‘ Pontefract rock ’ * is again clearly 
seen, as in Durham, to form the natural base of the Magnesian Limestone. 

The lowest visible beds at Pontefract are also occasionally of a red colour ; 
but the great mass of conglomerate and breccia, as exposed in the Plumpton 
Rocks, is no longer to be detected, the bottom beds being simply hard, deep- 
red, flaglike, micaceous grits t- These are surmounted by yellow sandstones, in 
parts of whitish colours, which are extensively used as building- and tough- 
stones, some portions being so porous as to make excellent filters. Occasionally, 
indeed, the stratum is so incoherent as to be used only as scouring-sand. 

To the south of Pontefract the lower sandstones, both red and yellow, begin 
to thin out ; and, though they are recognizable on the banks of the Don, and 
under the Castle of Conisborough, the band is greatly reduced in thickness, and 
exhibits little more than a reddish, micaceous, flaggy rock, with shale &c. 
Still further to the south, this lower sandstone, as exposed on the eastern side of 
the Pennine chain, and to the east of the South Yorkshire Coal-field, is dimi- 
nished to a mere bed, which expires altogether in the emirons of Nottingham. 
There the Magnesian Limestone rests at once upon the Coal-measures. 

Thus this lower member of the Permian group, as seen on the extern side of 
the Pennine chain, exhibits, though on a less scale, the chief peculiarities of its 

irman equivalents. In one place a fine sand, in another a coarse grit, in a 
third a breccia or conglomerate, and always varying much in dimensions, it has 
evidently been formed on the eroded surfaces of the preexisting Carbomfero^ 
rocks. But however variable in thickness it may be, as depending upon the 
method of accumulation, we invariably perceive that its upper beds graduate 
into and form the natural bottom of the Magnesian Limestone, as formerly 


tion, but does not alter my opinion. 

*^t*The clear and careful paper by Mr. Binney, 
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demoxistarated by Sedgwick *. In the sequel it will be Been how greatly this 
lower member of the Permian group is expanded on the western flank of the 
Pennine chain. 

Professor King, who had long studied the fossils of the calcareous members 
of the group in the county of Durham, placed the detailed component parts 
of the Permian group still more closely in comparison with the corresponding 
beds of (Germany. Thus, whilst, with Sedgwidt, he considers that the lower 
sandstones of Yorkshire and Durham, whether red, white, or yellow, which lie 
between the Coal and the Magnesian Limestone are the true equivalents of the 
Cerxnan Both>liegende, and t^t the Marl-slate, with its Fishes, stands in the 
place of the Copper-slate of Germany, he also shows that the fossiliferous 
bedst of compact limestone represent the Lower, and the brecciated and concre- 
tionary limestones of Durham the Upper Zechstein of the Germans, writh its 
overlying beds of Dolomite, Bauchwacke, and Stinkstein, 

In England there is, perhaps, no other yellow limestone so charged with 
magnesia as to form a true dolomite ; and hence, in the early days of geology, it 
was natural to define this rock as the Magnesian Limestone I, and to associate 
with it certain subordinate strata. But now that yellow magnesian limestones 
are known to occur, on a stupendous scale, in the Lower Silurian rocks of 
North America §, — ^in both the Devonian and Carboniferous series of Bussia, — 
partially even in the Carboniferous Limestone of Derbyshire and Ireland, — 
and whilst the Jurassic masses of the Alps are to a great extent crystalline 
magnesian limestones or dolomites |1, — it became necessary to abandon the term 
^ magnesian,’ and to place the English formation under a general name derived 
from a vast region where the position and fossil contents of the group are 
clearly exhibited. 

The Permian deposits, as developed in Bussia, and also in Germany and 
England, do not stop, as before said, in the ascending order with the Zechstein. 
They include another overlying red sandstone, which in many parts of Germany, 
as already shown, also constitutes the conformable roof of the Zechstein, and 
contains the plant Calamites arenaceus, Jag., with its Carboniferous aspect. In 
Bussia, indeed, some of these overlying red beds are charged, as we have seen, 
with the Shells of the Zechstein and Plants of the Both-liegende. In general 
language, therefore, the Zechstein of the Continent, and the Magnesian Lime- 
stone of England, may be viewed as the calcareous centre of an arenaceous group, 
or, as before said, a lower ^ Trias,’ — ^the upper red marl and sand of Yorkshire, 
described by Sedgwick, being as much a parcel of it as those red sandstones and 
conglomerates, or ' Both-todt-liegende,’ which in Western Europe lie be- 
neath it 

In some tracts these latter rocks, so diversified elsewhere, are represented by a 
band of siliceous conglomerate, so poor in fossils that, with the New Bed and 
Vosges Sandstones, the Zechstein, and Kupfer-Schiefer, they were named 

* Bee Sedgwick on the Magnesian Limestone, $ Bee Dale Owen's Oeology of Wisconsin, Iowa, 
Trans. G-eol. Boo. Lond. 2nd ser. vol iii. p. 87. and Minnesota, with a Map, on which vast mag- 
t ^e Pro£ King's * Monograph of the Permian nosian limestones are laid down as the Lower 
Fossils of Englai^ published by the Palseonto- Bilorian of that author. 1858. 
graphical Society, I860, in which ne describes 217 ^ | True dolomite, whether crystalline or earthy, 

K^es Shells, Corals, and other animals, many is known ly its containing 45 per cent, of mag- 
01 them common to 0emuuy uid Bossia. nesia. Another proof the inapplicability of 

I I am, howerer, disposed to think that some mineral terms to designate the age of strata is the 
of the yellow beds of the Carboniferous Limestone use of the term * oolitic ' for rocks which in Ena;- 
of the Clee Hills are exceptions (see SiL Syst. land have a lithological structure that is scarcely 
p. 119). The dolomitixed Carbonuerous Lime- ever found in their continental Jurassic equiva- 
Btone of the south of Ireland, described by Pro- lents. * Magnesian Limestone ' is also merely an 
fessor B. Harkness (Quart Joum. GeoL Boc. insular and misleading name. 
voL XV. p. 100), is also to be borne in mind. 
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^ Ffyrtien ’ by M. d’Omalius d’Halloy *. In France (». in the Voages, and at 
LodAve in Dauphin^) this group has not the distinctive characters^ lithological or 
zoological, which it exhibits in Russia, Germany, and Britain, being chiefly a red 
sandstone. But in the Department of L’Aveyron (particularly in the neigh- 
bourhood of Alboy) it has been described as containing some calcareous courses 
representing the Zechstein t. In that tract it is also distinguished, as in other 
regions, by a peculiar flora, containing certain Feme and Conifers which M, 
Adolphe Brongniart classes with Permian plants. 

In proceeding from the northern to the central and south-western counties of 
England, or, again, to the south-west of Scotland, the Permian group imdergoes 
also considerable changes in lithological stmcture, and with the absence of lime- 
stone is accompanied by a diminution of the number of its characteristic organic 
remains. In Nottinghamshire, and to some extent in Derbyshire, limestone being 
still present, the north-eastern or Durham type is preserved; but at Manchester 
we no longer distinctly trace the Magnesian Limestone as a separate mass, 
though its place is taken by red marl and shale, with some thin courses of 
limestone subordinate to red sandstone, in which are casts of the common spe- 
cies of Schizodus, Avicula, Turbo, Rissoa, &c., — an unmistakeable Permian 
assemblage. 

Following the formation into the north-western counties from the tracts in 
Lancashire, where he has copiously exhibited its relations to the Coal beneath, 
and to the New Red Sandstone above, Mr. Binney J has estimated the maxi- 
mum thickness of the group in that region at 1160 feet, viz. : Red marls with 
gypsum in the north, and nodules of limestone in the south, 300 feet ; Mag- 
nesian Limestone with fossils, 10 feet ; Red Sandstone, 600 feet. 

Professor Harkness and myseK have demonstrated the existence in Westmore- 
land of a range of the Permian rocks of great thickness in the valley of the 
Eden. There the lowest band consists of the Penrith Sandstone, surmounted by 
calcareous breccias, the middle part of imprue limestone and shale with Plante 
identical with thope which lie in the Marl-slate beneath the Magnesian Lime- 
stone of Durham, and of massive overlying red sandstones with gypsum §. The 
latter are of great thickness in their range to Corby Castle, and also at St. Bees 
Head, where they overlie a very thin course of Magnesian Limestone with fossils. 
To the north of this point no Magnesian Limestone, or Zechstein, has been 
seen ; and when the Permian rocks range into Scotland they become one vast 
mass of sandstones overlying the coal-formation. I suggested, indeed, many 
years ago ||, that the sandstones of Corncockle Muir, near Dumfries, so celebrated 
as exhibiting the footprints of the large Sauroid and other Reptilian animals, 
illustrated by Sir W. Jardine % would fall into this category **. The importance 
of thus working out the clear definition of the rocks which really pertain to this 
upper member of the Palaeozoic series will be more apparent at the dose of this 
Chapter, when we enumerate all the classes of fossil animals which are known 
to be of Permian age. 

It is also now ascertained that much of the red rock which overlies the coal 
of Ayrshire is of Permian agett> as well as those red sandstones in the southern 


* Eldmens de Gdologie, p. 277 ’ 1831. 

t See the memoir of M. C^uand, Bull. Boo. 
G^ol. de Prance, aerie 2. vol. xii. p. 128. 

I Memoirs of the Lit. and Phil. Soo, of Man- 
chester, vol. xii. Session 1854-65. „ 

$ See Quart. Joum. Geol. Soo. vol. xviu. p. 205, 
and vol. XX. p. 144. ^ „ ... 

II Bee Quart Joum. Geol. Soo. voL vu. p. 163, 
and vol. xii. p. 267. 


See Sir W. Jordine^s 'lohnology of Axman- 
dale.* Some of the tracks have been referred to 
Batraohian, and others to Chelonian reptiles. 

Mr. Binney also oame to the same oonolusion 
some years ago (1856) : Quart Joum. GeoL Boo. 
vol. xii. p. 138. 

tt Binney, Quart. Joum. G«oL Boa vol. xviii. 
p.439. 
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part of the Ide of Arran which Sedgwick and myself classed as New Bed Sand- 
stone at a period when the Permian classification was unknown. Becently 
Mr. Geikie has ascertained that subordinate to the lowest zone of the Permian 
rocks of Ayrshire there are beds of cotemporaneous igneous rock, — a point of 
exceeding interest in showing that in parts of Britain, as throughout Central 
G^ermany, volcanic evolutions were frequent in the period of the Lower 
Permian. 

Professor Harkness and myself have also expressed the opinion that the va- 
luable hematite which often occurs in a breccia at the base of the Permian rocks 
of Cumberland was formed at the commencement of this era, so marked by the 
great changes which occurred after the Carboniferous era. This observation is 
one of great interest ; for it demonstrates that in our own country there exist 
the same evidences of igneous activity in this epoch, pfirticularly in its earlier 
part, which are so common in the Rotb-liegende or Lower Permian of Germany. 
The accompanying woodcut, drawn by Mr. Geikie, explains the phenomena which 
occur in Ayrshire, where submarine volcanic action has manifestly occurred 
during the accumulation of the Permian rocks, all the deposits having long after- 
wards been penetrated and traversed by eruptive greenstones : — 


N.W. 

little HilL Bf oflsgiel. 


Section across the Permian Basin of Ayrshire. 

S.E. 

Balloch- 

Manohline. myle. Catrine. Soorn-hill. 



/. Intrusive greenstone (dolerite) coming through the Permian trap-rocks, e. Brick- 
red sandstones, d. ‘Necks’ of Volcanic agglomerate, of Permian age. c. Beds of fel- 
spathic amygdaloidal trap with interbedded brick-red Permian sandstones, b. Trap-tuff 
and brick-red ashy sandstone of Permian age. a. tipper Carboniferous sandstones 
and shales. 


The brick-red Permian sandstones of the Ayr (c) occur in a basin about six 
miles long and four or five miles broad. This basin is completely encircled with 
a ring of igneous rocks (6, c), which lie upon the upper red part of the Coal- 
measures (a) and form the base of the Permian series. They consist of dark- 
brown, purple, or chocolate-coloured porphyries or melaphyres, often highly 
slaggy and amygdaloidal, and of coarse volcanic agglomerate, and fine gravelly 
tuff, mingled with the ordinary red sediment of the Permian sandstones. That 
these volcanic rocks belong to the Permian series is shown by the fact that (con- 
taining beds of the usual sandstone of that series, which differs conspicuously 
from the red sandstones of the underlying Coal-measures) they are regularly 
interstratified with the base of the Permian group. Around the outside of the 
volcanic ring occur numerous round hills and hillocks of coarse volcanic agglo- 
merate (d). These are true ' necks,’ which descend vertically through the Coal- 
measures, altering the coal-seams. They are some of the orifices from which 
the melaphyres and tuffs were ejected. Igneous rocks of similar character occur 
in the Permian basin of the Nith, north of Thornhill, and probably in other 
parts of that basin *. It may, in the end, be ascertained also that many of the 
igneous masses which perforate the Carboniferous rocks along the wide central 
valley of Scotland are likewise of Permian age.” 

* See ‘ Geological Magazine ’ for June 1860. 
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Beverting to England; I may say that I cannot readily abandon the opinion 
I formed after many years of personal researches; that the trappean agglome- 
rates of the south of Devonshire may be of Permian age. I admit that Mr. Pen- 
gelly has endeavoured to show, and with much ability; that these red rocks, 
extending from the west of Torquay to Dawlish, form the natural base of the 
Trias, which underlies the Lias to the east of the River Exe ; but I must be 
permitted to doubt whether, considering the great intervening estuary of the 
River Exe, there may not be some unconformity — some overlap of the younger 
and Infra- Liassic strata, as respects these lower breccias. I can only say that I 
entirely agree with Conybeare and Buckland, who, after a journey in Germany 
in 1816, distinctly identified the Heavitree Conglomerate near Exeter with the 
Roth-liegende of the Germans t. Long before that, indeed. Dr. Berger had ad- 
mirably described these rocks ; and any one who may read his description % will 
see how very difierent they are from any band of the Trias either in Germany 
or Britain. Again, in 1889, Sir H. De la Beche § described these rocks as of 
igneous origin and interpolated among the red sandstones and conglomerates. 
Now, as we are unacquainted with signs of volcanic activity in the Trias, and 
have seen that it abounded in the beginning of the Permian era, I must, until 
more evidence shall have been brought forward, remain in the persuasion that 
these lower red rocks of Devonshire may represent the Roth-liegende of Ger- 
many and the ^ Lower New Red Sandstone ’ of the older English geologists. 

In the endeavour to trace the Permian rocks to the south of the Manchester 
tract, we lose the clear evidence of the fossiliferous limestone centre, though cal- 
careous conglomerates and breccias do occur above the Lower Red Sandstone and 
may probably be viewed as representing the Magnesian Limestone of the northern 
counties. Such, at least, was my opinion when I described these rocks many 
years ago, particularly as exhibited in Shropshire, Staffordshire, and Worcester- 
shire. In those tracts the Lower Red (erroneously called the ^ Lower New Red^ 
before the term ‘ Permian’ was proposed) is an arenaceous formation of consider- 
able dimensions, which, as I then showed, had been very successfully bored 
through in search of coal (Sil. Syst. p. 68). To the south of the Staffordshire 
Coal-field, such Permian strata are seen to rest on the Upper Carboniferous beds. 

In that district calcareous matter so abounds in the red Permian rocks as tu 
constitute zones of earthy subconcretionary limestone, which we pointed out 
as being undistinguishable from comstones of the Old Red Sandstone of the 
adjacent county ||. Thus, lying between two red deposits of similar structure, the 
position of the coal of Staffordshire and Shropshire realizes the aphorism of 
Humboldt, que le terrain houiller n’est qu’un accident dans le grand terrain du 
gr6s rouge.” 

The irregularity of succession between the Coal and these Permian rocks has 
been defined by Mr. J. Beete Jukes as occurring around the South Staffordshire 
Coal-field ; and on the left bank of the Severn, between Enville and the Forest 
of Wyre, the whole of the Permian series is represented by Professor Ramsay^ 
as shown in the following diagram (p. 334), in which we see the Coal-strata, a, 
lying at an angle beneath the unconformable red sandstone, b, with calcareous 
courses and concretions, and how both deposits have been downcast by a great 
fault, ♦. We further observe the order of the Permian rocks in this tract to 
consist of, bf sandstone, marl, calcareous courses, and conglomerates beneath, 


t Q-eology of England and Wales, p. 313. 

T Trans. Ueol. Boo. vol. i. p. 99. 

? Eeport on the Geology of Devon and Corn- 
wall, pp. 199 et tieq. 


11 Silurian System, p. 65. Also Mr. J. Beete 
Jukes, in Becords of tne School of Mines, voL ii 
pp, 160 &o. 

^ Quart. Joum. Geol. Boo. vol. xi. p. ISS. 
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OTerlain by a breccia, c, charged with fragments of igneous rocks. Aboye the 
last-mentioned are the highest beds of the Permian group in this quarter, con- 
sisting of red sandstone and marl, d, — the whcde series being crowned by uncon- 
formable beds of other red sandstones and conglomerates, «,/, which constitute 
the lower members of the Trias or^New Bed Sandstone. 

Section op the Permian Bocks between the Coal op the Forest op Wyre and the 
Bew Bed Sandstone op Envillb. 

S.W. N.E. 



a. Coal-measures, hy e, d. Permian rocks (i, sandstone and red marl witli two beds 
of calcareous conglomerate ; c, coarse breccia ; d, sandstone and red marl), e, /. Bunter 
Sandstone (e, lower brick-r^ or variegated sandstone ; /, pebble-beds or conglomerate). 
#. Fault. 

At Alberbury and Cardiston in Shropshire, a calcareous conglomerate over- 
lying the Lower Red Sandstone^ and dipping under other red strata, assumes so 
much the character of a bedded though brecciated limestone, and also con- 
tains so much magnesia, that I still consider it to be probably the equivalent of 
the Zechstein (see Sil. Syst. p. 63). 

In advancing from the centre towards the South of England, one member only 
of this group of rocks is exposed, besides the doubtful rocks of South Devon. 
Thus the peculiar hills that range along an axial line from Abberley to Malvern, 
and which, on account of the vast quantity of igneous materials contained in 
them, I formerly considered to he of eruptive origin, have since been proved by 
Professor Phillips t to be a reaggregated trappoid breccia. Professor Ramsay J 
has shown that this rock is of the same age as the breccia, c, of the diagram above, 
and that, besides felspathic and porphyritic materials, it contains subangular 
blocks and fragments of old slaty rocks, mostly derived from the Longmynd 
Mountain in Shropshire, and the rocks of the adjacent country of Shelve, 
described in the Second and Third Chapters of this work. The exact place of 
these breccias in the Permian series, which there separate the Old Red from the 
New Red Sandstone, will be eventually defined by the Government Surveyors, 
who will also precisely coordinate the other varieties of this British group, 
whether they be the red, yellow, and white sandstones overlying the Coal and 
supporting the Magnesian Limestone, or the varied equivalents of that rock and 
its overlying red and sandy marls &c. 

In pari» of their range, through the central counties, the Permian rocks have, 
been found to contain Plants. At AUesley, for example, near Coventry, such 
fossils have long been known as existing in a highly sUicified state, like that of 
the stems in the Roth-liegende of Germany. 

The rock in which these Plants occur has been separated from the New Red 
Sandstone, with which it was formerly classed, through the detailed examination 
of Professor Ramsay and his associates. Indeed, in the sheets of the Survey 
Map explanatory of the structure of those central tracts, much of the red sand- 
stone which ranges up to near Warwick is shown to form part of the Permian 
series of rocks, even some casts of certain Permian Shells having been found 
near Exhall. The best fossiliferous British types of the Permian group are, 

t Mem. Geol. Snrv. vol. ii. pt. 1. p. 112. 1 Quart Joum. Geol. Soo. voL xi. p. 155. 
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however, only to be seen in the counties before enumerated, which lie to the 
north of the River Trent. 

In the north of Ireland the true equivalent of the Magnesian Limestone— 
similar in mineral character and in fossils to the rock in Durham and Yorkshire 
— ^has been recognized. A small patch of it, occurring at Cultrea, on the south 
side of the Bay of Belfast, was first noticed by Mr. James Bryce* ; and subse- 
quently the fossils were described by Prof. King asgapecies of Schizodus, Myti- 
lus, Area, and Pleuropborus. Afterwards the latter author, examining another 
fossiliferous locality t (Tullyconnel Hill, near Artrea, in Tyrone), observed that 
the parent rock was a sandy dolomite which, like that at Belfast, overlies the 
Carboniferous Limestone, and seems to dip under red sandstone. Among the 
thirteen species of fossils from Artrea, described and figured by King Mytilus 
squamosus, Bakevellia antiqua, Schizodus obscurus, Pleuropborus costatus, and 
Turbo helicinus are common to the deposits of the same age in England and the 
Continent, including the far north-eastern Petschora-Land of Russia, whence 
some of those species were brought by my associate Keyserling. The other 
forms, including Corals and Polyzoa, abound in the Magnesian Limestone of 
England. Thus it is now ascertained that the sea in which those peculiar 
animals flourished extended from the eastern to the western extremity of 
Northern Europe, or over a breadth of about 2500 miles ! § 


In comparing the Permian deposits of England with those of Germany, 
it is worthy of remark that, when examined from north to south, the 
mineral masses are, on the whole, found to succeed each other in a similar 
manner in the two countries. Thus, in the English northern counties, it is 
only in Cumberland, Durham, Yorkshire, and Nottinghamshire that we 
meet with the true Magnesian Limestone, or Zechstein, and its associated 
fossils; whilst in Lancashire, Shropshire, Staffordshire, YTorcestershire, and 
Warwickshire the whole group is represented as in Southern Germany and 
Russia, by red sandstones, marls, breccia, and conglomerate, with occasional 
traces only of calcareous matter. The most striking phenomenon, how- 
ever, in regard to this natural group in Great Britain, is its very dissimilar 
lithological character on the opposite sides of the central axis of the country. 
On the eastern side the Magnesian Limestone is the dominant feature, with 
an irregular and evanescent equivalent of the Roth-liegende and a meagre 
capping of red and sandy marl. On the west the lower or arenaceous 
member of the group is largely spread out in Staffordshire, Shropshire, and 
Lancashire ; and there the limestone is for some distance only represented 
by certain calcareous marls near Manchester. The researches of Mr. 
Binney have clearly shown how these sandstones, marls, and conglomerates 
are related to the underlying coal, and how they extend northwards into 
Scotland ; and Professor Harkness and myself have described the vast thick- 
ness of the lower division in Westmoreland (near Penrith), with a central 
representative of the Zechstein or Magnesian Limestone, and a full Upper 


Journal of the Geological Society of Dublin, 

The late General Portlock had formerly trans- 
mitted foaeils from this looaUty to Dubbn. 


I ‘ On Irish Permian PoasilB,* Joum. GeoL Boo. 
Dublin, vol. vii. pi. 1. 

$ Permian foarils have alio been discovered in 
Texas, in beds overlying ooal-deposits. 
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Permian series in botii Cumberland and Westmoreland — a feature almost 
entirely wanting in the range of the group from the Wear to Nottingham. 

Permian Fossil Bemains . — ^The fauna and flora of the Permian rocks are, as 
before stated, essentially palaeozoic ; for, whilst in great measure they are spe- 
cifically distinct from those of the Carboniferous system, the amount of agree- 
ment in the two groups k surprising when we reflect upon the phenomena 
adrerted to in the opening of this Chapter, of great physical revolutions which 
pretty generally affected the known surface of the earth at and before the close 
of the preceding or Carboniferous era. Those disruptions, therefore, however 
violent and extensive, were not universal, but were, we may suppose, so accom- 
panied by new physical conditions as to occasion the destruction of many species 
of plants and animals. 

1. Flora . — ^The Permian flora has not yet been so developed in the British 
Isles as to show in what degree it differs from that of the Carboniferous group, 
to which, in fact, it everywhere bears a resemblance ; Mr. Howse, indeed, has 
said that some of the species found in the red sandstones of Tynemouth are 
identical with Coal-plants. At Ashby de la Zouch, Stembergia has been de- 
tected, together with silicified wood, by the Rev. W. H. Coleman ; whilst the 
researches of the Geological Survey have shown that much of the red rock of 
the Central Counties, formerly called NewRed Sandstone, is of Permian age, and 
that among these masses must be included the rock of Allesley near Coventry, 
which has afforded many silicified stems of Plants. Professor Sedgwick* long 
ago pointed out the traces of Calamites in the Lower Red Sandstone, and 
various specimens collected by him and other geologists belong certainly to Car- 
boniferous genera, as in other countries ; but scarcely any of those which have 
fallen under my observation are sufficiently well preserved to afford specific 
characters. In those beds, however, which are subordinate to the Magnesian 
Limestone, the forms are so well preserved that there is no difficulty in distin- 
guishing them, as in the accompanying figures of two fragments of plants found 
in the Marl-slate, from Professor King’s ‘ Monograph of Permian Fossils,’ 1848. 

Fossils (84). Permian Plants and Polyzoan. 


1. XJllmannia selaginoides, Sternberg. 2. 
Neuropteris Huttoniana, King. Both are 
from the Marl-slate of Durham. The first has 
also been detected, with other fossil plants, in 
the Permian shales of Westmoreland, which 
occur in the middle of the series (see p. 331). 
3. Fenestella retiformis, Schlotheim; Mag- 
nesian Limestone of Humbleton Hill. (The 
figures 1 and 3 are much reduced.) 



In certain foreign tracts, however, which have been examined in detail, the 
Permian strata contain many more Plants. The sandstone of Lod^ve, before 
adverted to, affords, according to Ad. Brongniart, Ferns of the genera Sphe- 

* Proc. Geol. Soc. toI. i. p. 344. Oalamitea oooor also near Ezhall, and in the Magnesian lime- 
stone near Sunderland and the Marl-slate near TTnemouth. 
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nopteris, Pecopteris, Nenropteris, Alethopteris, and Callipteris, with Animlaria 
floribunda (Sternberg), and several Conifers of the genus Walchia *. The sand- 
stone and conglomerates (Roth-liegende) near Zwickau, in Saxony, rewarded 
the researches of Colonel Gutbierf with about sixty species of Plants. A few 
of these only are known in the Carboniferous epoch, the greater number of the 
species being unknown in any other deposit. Among the Plants most charac- 
teristic of the group may be mentioned Sphenopteris erosa, S. lobata, and the 
great reed-like Calamites gigas. Whilst in Russia these species of plants are 
chiefly found above the limestone courses, they are in Saxony confined to the 
lower strata, and are there commingled with some species known in the Upper 
Coal-deposits. The large silicified stems of Tree-ferns, called Psaronites, so 
much admired by collectors for the exquisite conservation of the fibre of the 
plant, and for the beautiful polish they take, occur abundantly in the Permian 
beds of Germany J. 

On the whole, it was the opinion of Adolphe Brongniart, to whom the Plants 
brought from Russia (occurring there in red sandstones and marls above, or 
interlaced with, fossiliferous Zechstein) were referred, that they exhibit a con- 
tinuation of vegetable life with characters to a great extent like those which 
prevailed in the Carboniferous era. But, whilst a few of the forms are generi- 
cally the same as those of the Coal-period, the species, with very few exceptions, 
are difierent§. On the contrary, no one of the Russian Permian genera (Neu- 
ropteris, Odontopteris, Sphenopteris, Noeggerathia, Lepidodendron, &c.) occurs 
in the overlying Trias, in which, notwithstanding the clear proofs of conformity 
and mineral passage between the two groups, the geologist has before him an 
entirely different flora. 

Thus Professor Gdppert has enumerated from the Roth-liegende and Kup- 
fer-Schiefer of Germany, and in the Permian rocks of Russia, 182 || species of 
plants, of which 1G9 occur in the Roth-liegende alone, or lowest member of the 
group. This accomplished botanist favoured me with the following account of 
the number of species in this group, viz. : — ^Fiici, 2 ; Equisetacese, 5 ; Calamites, 
10; Filices, 97 ; Lycopodiaceas and Lepidodendracese, 11; Walchiee, 5; Grami- 
nesB (doubtful) ; Nceggerathiae, 4 ; Palma, 1 ; Asterophyllites, 6 ; Annularise, 3 ; 
SigillarisB, <2 ; Cycadese, 9; Coniferae, Cupressacese, and Abietaceae, 20; fruits 
•undetermined, 6. 

The essential result of this examination is, that, in comparing the Permian 
flora of Germany with that of Russia, Goppert finds a very close resemblance 
between the Plants extracted from the underlying Roth-liegende of various Ger- 
man tracts % and those obtained from the strata in Russia, which, as before ob- 
served, lie chiefly above, or are intercalated with courses of, the Zechstein. 
Thus, with the species of the genera Neuropteris, Odontopteris, Callipteris, and 
Walchia transmitted from Russia, Goppert has identified twenty species of his 
Silesian and Bohemian collection. Hence the importance of a comparison 
which demonstrates the unity of the group over so wide an area. 

Again, he observes that certain species of Walchia, particularly Walchia pisi- 

* See ‘ EnsBia-in-Europe,’ vol. i. p. 219. eian beds as belonging to the genera Neuropteris, 

t Q-einitz und Q-utbier, * Gaea Ton Sachsen,' 1843. Odontopteris, Peooj)teris, Sphenopteris, and all 
For the figures of these Plants, and sections show- distinct from any or the forms in the Co^. 
ing their position, see Geinitz’s ‘ Das Permische || In this number, 182, are included the two or 
System in Sachsen,' 1850. three Plants only of the British Magnesian Lime- 

X The finest collection of these * Psaronites’ ex- stone with which M. G5ppert was acquainted, 
tant, with which I am acquainted, was that of my ^ Not only those enumerated by my associates 
late friend, the eminent ootanist, Eobert Brown, and self in our work on Euasia, but also specimens 
They are now in the British Museum. transmitted to M. G-5ppert by M. Eichwald and 

$ Bee * Eussia-in-Europe,’ yol. i p> 219, whore Major Wangenheim v. Qualen. 

Brongniart names eleren species from these Eus- 
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formis^ with Callipteris (Neuropteris) conferta, Odontopteris obtusiloba, Peco- 
pteris Gkepperti, Morris and Brongn.^ Adiantites prisca, Fisch.^ Gleichenites 
Gkepperti, Fisch., and Calamites gigas, Brongn., are so widely diffused and so 
clearly recognized in many countries as of Permian age, that they may truly be 
considered types (Leit-Pflanzen). To these may be added Sphenopteris erosa 
and S. lobata as being also very characteristic. It is indeed admitted that this 
flora is, to a great extent, composed of the same families and genera as that of 
the Carboniferous epoch, and that Ferns dnd Calamites prevailed equally in both 
periods ; yet, when we come to the details, about eight per cent, only of the 
Permian Plants are found to be specifically the same as those of the Carbo- 
niferous era; whilst the Psaronites are, according to the late distinguished 
botanist Robert Brown, Permian types only. 

Again, while the Permian flora is generically connected with that of the ante- 
cedent but distinct formation, none of its Plants save one, Voltzia heterophylla, 
is known to have lived on into the succeeding or Triassic formation, or base of 
the Secondary rocks. 

After balancing the whole of the botanical evidence, Goppert concludes, with 
Brongniart and Morris, that this flora, whether composed of the Plants of the 
Roth-liegende, or those of the Zechstein and overlying beds in Russia, differs 
from all other fossil floras, and marks strikingly the close of the Palseozoic times, 
of which it retains the family impress, whilst it is rigidly separated from all the 
vegetable products of Secondary age. 

2. Fauna . — The chief Permian animal-remains bear a strong resemblance to 
their congeners of the Carboniferous era. When the work on Russia was 
written, my companions and myself were not aware of more than 166 Permian 
species ; but, by the publication of the works of Geinitz, von Schauroth, and 
others, in Germany *, and of King, Howse, and Kirkby in England this niunber 
has been increased to 350 and more ; still it is small in proportion to that of the 
preceding or Carboniferous epoch, about 1100 species of animals obtained from 
the Carboniferous formations having been already described. 

The Permian limestones of England, Ireland, Germany, and Russia, are often 
rich in the remains of minute animals of the Rhizopodous and Crustacean 
classes, and which are not, in many coses, far removed from Carboniferous 
forms : 34 species belonging to these classes have been described. The plate 
illustrating M. Richter’s memoir on the Thiiringian Zechstein, in the 7th volume 
of the Journal of the German Geological Society, presents a characteristic group 
of these little fossils There is, however, a tiny creature not shown there, 
which was first noticed by Schlotheim under the name of Serpula pusilla. This 
has been shown by Rupert Jones § to be a Rhizopod (as Prof. King had sug- 
gested). It occurs in countless numbers in the black Zechstein of the Voigt- 
land, and in the Magnesian Limestone of Sunderland, of Nosterfield in York- 
shire, and of Tyrone. 

The Polyzoa and Corals have the aspect of the Palaeozoic types, the small 
Cup-coral Calophyllum apparently showing the quadripartite arrangement of 

* Oeinitz^^DieVersteinerangendes Deutgchen J Compare the Ehi*opoda and Entomostraoa 
Zechsteingebirges,' 1828; ‘on Conularia Hollo- figured and described by Rupert Jones in King’s 
beni,’ Zeits. Deutsoh. G-eol. Ghosells. vol. v. p. 466, Monog. Pal. Boo. 1848, by Reuss in the Jahresb. 
and Bteinkohl. Baohsens ; ‘ Die animalischen Ue- Wetterauisoh. Ges. 1851, and 1^ Richter, loc. di . ; 
berreste der Dyas,’ Leipsic, 1861. The memoirs also the Entomostraoa from Russia, Keyserling, 
of von Schauroth ^Zeits. Dent. Geol. Ges. voL vi. Bchrenk’s Reise arkt Ural, and the memoirs by 
p. 539; and vol. viu. p. 211) have been published Jones and Kirkby in the Transact. Tyneside Nat 
the issue of tne first edition of tnis work. Club. vol. iv. pp. 122-171. 
and have added many new species. ^ Joum. GooL Soc. Dublin, vol. vii. p. 78. 

t Aim. & Mag. Nat Hist ; Quart Joum. Geol. 

Boc. ; Trans. Tyneside Nat Club; &c. 
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the lamellad characteristic of the Cup-corals of the old ro^s. The abundant 
Fenestella letifonnis, Foss. 84. f. 8, and Synocladia virgulacea, are also of a typo 
peculiar to the primeyal fauna. Crinoids are rare ; but there is in England a 
species of the genus Oidaris^ the earliest known representative of the modem 
Sea-urchins *. The Brachiopods offer many Product! analogous to, but chiefly 
distinct from, those of the Coal-period, and number about twelve species, in- 
cluding Productus horridus and P. Cancrini, the former being the most common 
Penman shell in Britain and Germany (Foss. 85. f. 2). These very species 
(Productus horridus and P. Cancrini), with Spirifer alatus and Sp. cristatus ?, 
have been found in blocks of limestone at Spitsbergen, and are described in 
detail by de Koninck. Of the genus Spirifer, Sp. alatus (f. 1) is the most cha- 
racteristic ; and Sp. cristatus is supposed to be common to the Carboniferous and 
Permian rocks. Of the genus Orthis, which prevails so greatly from the Lower 
Silurian to the Carboniferous inclusive, we here find no trace j it is represented 
by Streptorhynchus pelargonatus, Schloth., and other species. The genera Stro- 
phalosia (King) and Aulosteges (Helmersen) are more especially characteristic 
of the Permian system : the former occurs in Germany, England, and the United 
States j the latter is confined to Russia. Of the few species of Terebratula 
which are known, two or three are exceedingly abundant, and one, T. elongata of 
Schlotheim, can scarcely be distinguished from a common Carboniferous species. 
Athyris Royssii is supposed to be identical with the Devonian and Carboniferous 
shell (see 1st Edit, of Siluria, p. 308) ; but my friend Keyserling considers it to 
be a distinct type, which he has named Terebratula Royssiana, and he has 
figured it in his memoir descriptive of the fossils collected by the botanist 
Schrenk f. 


Fossils (85). Permian Shells. 



1. Spirifer alatus, Schl. 2. Productus 
horridus, Sow. 3. Schizodus (Axinus) ob- 
scurus, Sow. 4. Strophalosia lamellosa, 
Qeinitz. (AU from the county of Durh^. 
These species, except, perhaps, the Schizo- 
dus, are equally common in Germany and 
Britain.) 

[The figures are about half the natural 
size.] 


The genus Pentamerus, so characteristic of the Silurian epoch, but rare in the 


* The species of Cidaris often quoted from 
Carboniferous rocks, belong, as has been well 
shown by M‘Coy, to a different family. They 
are now termed A-TcluBocidatis. See Ann. Nat. 
Hist. ser. 2. vol. iii. p. 362. They have been found 
also in the Devonian rocks by Bandberger. 

t “ Palttontoloffische Bemerku^en von A. Q-raf 
Keyserling,” in A. Gl. Schrenk's ‘ Keise zu der Sa- 
mojederund zum arktischen tJralgebirge,’ zweiter 
Theil,1854. . v 

This memoir, prepared in 1848, was not pub- 
lished until 1854, ana hence some of the uonmn- 
olature has been set aside for other names. ^ The 
work is highly worthy of consultation. In it the 
palaeontologist will find that the author, who has 


personally traced the Permian rocAs over a vaster 
northern area than any other individual, enume- 
rates the following fossils, never before described : 
— Diastopora labiata, Strophalosia tholus, Pleuro- 
tomaria atomus, and six species of Bivalved En- 
tomostraoa (mostly Kirkbyae, according to Bupert 
Jones). Count Keyserlii^ makes the important 
observation that, as these uttle bivalved Ciriistaoea 
are very generally present throughout vast spaoM 
of Bussia in beds of Permian rook which oontain 
no other fossil, it is essential to speak of these 
fossils os singularly oharacteristio of the forma- 
tion. The Permian Entomostraoa are oareftillj 
illustrated and described by Kirkby and Jones 
in the Trans. Tyneside Nat. Club for 1869. 
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Devonian strata, and whicli has very seldom been found in the Carboniferous 
rocks of England, has not yet been detected in Permian deposits. In unison, 
however, with the prevailing law of nature, which, in modifying beings at suc- 
cessive periods, often retained some features of the preceding types, the Penta- 
merus is represented in the Permian division by the curious terebratuloid 
shell named Camarophoria by Professor King, which offers in its internal ar- 
rangement an approach to the structure of the Pentamerus. One of the most 
frequent Permian shells, indeed, is Camarophoria Schlotheimi, von Buch, figured 
in the work on Bussia, vol. ii. pi. 8. figs. 4, 6. This singular Braohiopod also 
disappeared at the close of the Permian era, and its place was occupied by genera, 
such as Terebratula or Rhynchonella, which exist even in the present day. 

It is worthy of note that, of the eighteen Permian Brachiopods which are 
known in Britain, fifteen occur in the same strata in Germany ; whilst among 
them are certain species, seven in number, which extend their range even to the 
north-eastern extremity of European Bussia. 

The following Table, published by the distinguished palaeontologist Mr. T. 
Davidson, shows this distribution of the Permian Brachiopoda in Britain, Ger- 
many, and Bussia * : — 


List of the chief British Permian Brachiopoda. 


In the Magnesian Limestone of Britain. 

Occurring also in 
Germany. | Russia. 

1. Terebratula elongata, Schloth., var. suflluta 

2. Spirifer alatus, Schloth 

# 

# 

* 

3. Spirifer Clannyanus, King 

-K- 


4. Spiriferina cristate, Schloth 

# 


5. Spiriferina multiplicata, Sow 



6. Athyris pectinifera, Sow 

* 


7. Camarophoria Schlotheimi, von Buch 


it 

8. Camarophoria globulina, Phillips 

■N- 


9. Camarophoria Humbletonensis, Bowse 

? 


10. Strephorhynchus pelargonatus, Schloth 

11. Productus horridus, Sow 

# 

* 

12. Productus latirostratus, Bowse 



13. Strophalosia Qoldfussi, Munster 



14. Strophalosia lamellosa, Geinitz, var. Morrisiana . . . 

15. Crania Kirkbyi, Dav. 

16. Disoina Koninckii, Geinitz 

* 

# 


17. Lingula Credneri, Geinitz 



18. Chonetes Bardrensis, Phillips. 




In the Lamellibranchiate Shells (the Dimyaria and Monomyaria), we note the 
same diminution of genera and species in reference to deposits of previous eras ; 
and whilst not less than 288 species are known in the Carboniferous, about 73 
only have been obtained in the Permian deposits. Myalina and Schizodus 
(King) are characteristic genera ; Myalina Hausmanni and Schizodus Schlotheimi 
are abundant in the Upper Magnesian Limestone and Zechstein. S. obscurus 
and S. truncatuB prevail in the lower strata of the series; and occur also in 
Bussia. The genus Gervillia is also abundant, G. antiqua and G. keratophaga 
being very common in Western Europe. Another Aviculoid shell, now referred 
to Monotis (M. speluncaria), is wide in its range. Keyserling found it on the 
banks of the Pinega in the Province of Archangel j and it occurs in Germany, 

* Bee Monogri^h of Pennian Fossils : Falssontofpraph. Boo. 1858. 
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England, and in the United States. Area striata and Clidophoms costatus are 
other characteristic species. Together with these are found species of Leda, 
Solemya, Edmondia, Myacites, Cardiomorpha, Astarte, Lima, and Pecten. 

The Gasteropoda also seem to have decreased in numbers during the forma- 
tion of the Permian strata, and to have had great difficulty in accommodating 
themselves to new conditions*. In the Magnesian Limestone of Durham they 
are comparatively rare fossils, numbering 17 in a list of 68 species of MoUusca. 
In South Yorkshire, where individuals are numerous and species few, the Gas- 
teropods number 9, and the other MoUusks 10, Turbo helicinus, prevailing 
largely there, and Turritella Altenburgensis and Pleurotomaria antrina are the 
most characteristic species of this class in England. Altogether there appear to 
be about 43 Permian Gasteropoda. Scarcely any of these have lived on from 
the Carboniferous to the Permian epoch t, though many belong to Carboniferous 
or, rather. Palaeozoic genera, such as Pleurotomaria, Murchisonia, Straparollus, 
and Macrocheilus. 

The Cephalopoda, which under the forms of Goniatites, Nautilus, and Ortho- 
ceras were so numerous during the Carboniferous period that more than 160 
species have been described from its strata, were greatly reduced previous!}" to the 
commencement of the Permian era. The only species occurring in England is 
Nautilus Frieslebeni, Geinitz. Other species, belonging to the same genus and to 
Orthoceras and Cyrtoceras, have been described from the Zechstein of Germany 
and the Permian strata of the United States, making the list up to 10. 

Three Pteropods have occurred, Conularia llollebeni being the most import- 
ant. Four species of Bellerophon occur in the Peimian strata of Nebraska. 

Trilobites are entirely wanting J. In the study of the Palaeozoic Succession, 
we see that the disappearance of this race is regularly announced by a gradual 
diminution of its numbers during the preceding epochs. Appearing among the 
earliest forms of life, and having their maximum of development in the Silurian 
period, Trilobites decrease very sensibly in the Devonian strata, and in the 
Carboniferous deposits are reduced to some small species, of which Phillipsia 
and Griffithides are the last expiring forms. And here we are presented with 
one of those beautiful links in Natural History, of which the strata forming the 
earth’s crust have afforded so many proofs j for, with the final extinction of this 
family, destined never more to reappear, its place is taken by allied Crustaceans, 
foreshadowing the Idmulus, the earliest of which Limuloid Crustacea (Belinurus 
and Prestwichia) were created during the formation of the Coal-measures ,* and, 
represented perhaps in Permian rocks by the obscure Russian fossil known as 
the Limulus (?) oculatus of Kutorga, they were succeeded in the Secondary 
epoch by the Limulus itself; and that has survived all the numerous revolutions 
which have followed its creation, some of its species being coexistent with our 
own race §. 

The preceding remarks refer more especially to the Permian fossils of Europe. 
Only of late years have we obtained information of the Permian species of Ame- 
rica. It is interesting to find there that the same genera characterize the last 
of the Palaeozoic systems as in Europe. In Kansas, Texas, and Nebraska, 
Permian rocks occur containing Productus, Camarophoria, Strophalosia, Strep- 
torhynchus, Chonetes, Spirifer, Edmondia, Gervillia, Monotis, Schizodus, Mur- 
chisonia, Orthoceras, Bellerophon, and Fenestella. Not only are the genera the 

* See also ‘ EuBBia-in-Europe,’ vol. i. p. 209. I Phillipsia perannulata has recently been de^ 

t See Mr. Kirkby's later remarks on the recur- scribed from the Fennian strata of Kansas, but it 
rehoe of Carboniferous Forms in Permian strata, is doubtful whether it may not really belong to 
Quart Joum. Geol. Soc. vol. xvi. p. 416 ; and Ann. the Carboniferous rocks. 
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same there as in the eastern hemisphere, but in several cases the species are 
identical with those found in the Magnesian Limestone and Zechstein, These 
fossils have been described by Messrs. Meek and Hayden Swallow and Hawn f; 
Shumardf, and very recently by Geinitz §. 

On the whole, therefore, if only a very few species of MoUusks are common 
to the older rocks and the Permian, the latter still retains its connexion with 
the former through the genera Bellerophon, Edmondia, Athyris, Chonetes, Pro- 
ductus, Spirifer, and Strophalosia, its peculiar group of Corals, and of Polyzoa 
(Fenestellm &c.). It is the constant diffusion of many individuals of such forms 
which induced my associates and myself to hold firm to the term ^ Permian,’ as 
marking the close of primeval life, and in separating it entirely from the Trias 
and other Secondary deposits, in common with which it contains no animal 
form. 

The fossil Fishes of this era, of which more than forty species are known, all 
belong, like their precursors in more ancient times, to the division with hetero- 
cercal tails, — a distinction that becomes evanescent in the succeeding Secondary 
and Tertiary formations, and in our era is chiefly confined to the Lepidostean, 
Hay, Shark, and Sturgeon families, nearly all other species now living (about 
8000 in number) having homocercal tails. 


Fossils (86). Permian Fish. 



Platysomus striatus, Agassiz ; from the Marl-slate, Durham. 


Of true heterocercal Fishes of the Permian group, two figures only are here 
given, by which the reader will see that the back-bone is prolonged with a bend 
into the end of the upper lobe of the tail j whilst in the homocercal fishes, or 
those common in the younger rocks and in the present day, it terminates in the 
middle, between the equally balanced fins of the tail. 

Palseoniscus, Pygopterus, Coelacanthus, Pleuracanthus (Xenacanthus), Acan- 
thodes, Acrolepis, and Platysomus, which are the prevailing genera of the 
Permian era (the same forms being found in England, Germany, and Kussia), 
are also known in the Carboniferous epoch ; but all the Permian species are 
distinct. 

These Fishes are chiefly found in the Kupfer-Schiefer underlying the Zech- 
stein in Germany ; and in England they are met with in the equivalent deposit, 
the Marl-slate. Some small Palseonisci and a species of Acrolepis have lately 
been described from the upper beds of the Magnesian Limestone in Durham l|. 
Lastly, in enumerating the chief features of the Permian fauna, we have to 

* Trans. Albany Instit. 1868. || Kirkby, ‘ On some remains of Fish and Plants 

t Acad. Sd. St Louis, 1858. from the Upper Limestone, &o./ Quart Joum. 

T l^ns. Acad. Soi. St. Louis, vol. i. p. 292, 1858. Oeol. Boo. vol. xz. p. 845, pi. 18. 
t Carbonformation und Dyas. Dresden, 1866. 
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recoUect that, whilst few or no remains of true Lizards have been found in the 
subjacent formation (Carboniferous), the strata of this newer era contain the 
relics of Thecodont Saurians, which Owen refers to a higher order of Reptiles 
than any of the older fossils of this class, by showing that they had limbs as well 
organized as in the living Monitor* : the Proterosaurus, v. Meyer, and Rhopalodon, 
Fischer, were, according to him, Sauri which occasionally walked on dry land. 


Fossils ( 87 ). Permian Fish. 



Palsconiscus Frieslebeni, Agass. ; from the Kupfer-Schiefer of Mansfeld in Germany. 

Struck with the fact of the Permian deposits containing Saurians, Conybearef 
and Agassiz thought that the group ought to be placed at the base of the 
Secondary rocks, which mark the great era of Reptiles. But the discovery 
of Labyrinthodonts in the Carboniferous rocks of Europe and America has 
satisfied my colleagues and myself that this argument was insufficient, and that 
we were right in being guided by the general facies of the MoUusks and Plants, 
and in grouping the Permian (as Phillips had, indeed, previously grouped the 
Magnesian Limestone) with those antecedent deposits to which it is naturally 
attached by very many links. 

The Dasyceps Bucklandi (Labyrinthodon, Lloyd), from the neighbourhood of 
Kenilworth, was found in red sandstones once considered to be of Triassic age, 
but since assigned to the Permian period J. 


Thus we learn that, in the oldest rocks (Upper Palaeozoic) in which 
they first appear, the Reptiles are as wonderful and elaborate in structure 
as the primeval Fishes which accompanied them, or as the Corals, Crinoids, 
Shells, and Crustacea which preceded them during the Silurian or Lower 
Palaeozoic epoch. 


* See ‘Eussia-in-Europe/ vol. i. p. 218; and Pro- 
fessor Owen’s description, p. 637, App. My friend 
the late Major Wangenheim von Qumen, to whom 
my associates and myself were much indebted for 
iniormation rejecting the structure of the Per- 
mian rooks of Orenburg, detected since our visit 
bones of another Kratile, which occurs, not, like 
the remains of the luiopalodon (Fischer), in the 
sandstone and conglomerate, but in the Umestone 
(Zechstein) of the formation. The preservation 
of the head of this animal has enabled M. Eich- 
wald to assign to it the name of Zygosaurus 
LuoiuB, and to compare it with the Crocodile. 
On referring M. Eichwald’s description (Bull. 
Boa Imp. Nat Mosoou, 1862, No. 4) to Professor 
Owen, that celebrated comparative anatomist thus 
writes to me : — “ The characters which M. Eich- 
wald points out in his fossil as resembling those 
in the Crocodile also occur in the fossil skulls of 
the Labyrinthodont Beptiles ; and the observation 
upon the number and comparatively small sise of 


the teeth in the Permian Eeptile would lead to 
a suspicion that it may really belong to the Laby- 
rinthodont family. All doubt would be removed 
by an inspection of the occiput of M. Eichwald’s 
fossil: if that part presented a single condyle for 
articulation with the neck- vertebras, it would de- 
termine the accuracy of his view of its affinities ; 
but if the occiput snowed a pair of condyles, it 
would prove the fossil to be a Bauroid JBatra- 
chian.” 

t My lamented friend, the late eminent Dean 

logical^ views put fortlf'in his ‘ Outlines of^ the 
Geology of England ’ and for his anatomical illus- 
trations of Saurian Beptiles (see Trans. Q^ol. Boo. 
vol. V. p. 659 ; and 2nd ser. vol. i. pp. 103 & 881). 

I Bee Bamsay on the Permian Breccia, Qm^t. 
Joum. Geol. Soc. Lond. voL zi. p. 198 ; and Hux- 
ley’s Appendix to Howell’s Geology of the War- 
wickshire Coal-fleldSi &o., Mem. GF^l. Surv. 1869. 
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In concluding this Chapter, it may, indeed, be reasserted* that the 
mass of the organic remains of the Permian group constitute a remnant 
only of the earlier animals whose various developments we have followed 
in the preceding pages. They exhibit the last of the successive changes 
which these creatures underwent before their final disappearance. The 
dwindling away and extinction of many of the types which were produced 
and multiplied during the anterior epochs already announce the end of the 
long Palfioozoic period. 

In ascending above the highest of the Permian deposits, the geologist 
takes, indeed, a sudden and final leave of nearly everything in nature to 
which the words Primary, Primeval, or Palseozoic have been or can be 
applied. 

In short, the two greatest revolutions in the extinct organic world are 
those which separated the Palaeozoic rocks from the Mesozoic or Secondary 
strata, and the latter from the Caenozoic or Tertiary and Modern deposits. 

To the consideration of these two remarkable revolutions in the history 
of former races, I shall revert in the concluding Chapter. 

* See ‘ Euflsia-in-Eiirope,’ vol. i. p. 205. 
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CHAPTER XIV. 

GENERAL VIEW OF THE SILURIAN, DEVONIAN, AND CARBONIFEROUS . 
ROCKS OF SCANDINAVIA AND RUSSIA, 


CoMPLETiNa in the last Chapter a notice of the PalsBOZoic rocks, in ascend- 
ing order, by a sketch of the Permian deposits, special references were 
made to Russia, whence the name ‘ Permian ’ was taken, and to Germany, 
where the different strata of the group had been so long studied. Let us 
now endeavour to delineate in broad outline the Continental equivalents 
of the Silurian, Devonian, and Carboniferous rocks of Britain. 

Throughout large portions of Western Europe (that is, Germany, 
France, Spain, and Portugal) these Palaeozoic deposits have been, in some 
tracts, so much metamorphosed and crystallized, in others so penetrated 
by igneous rocks, and even so dislocated, that, notwithstanding the re- 
searches of many good geologists and mineralogists, the task of reducing 
them to a normal order of succession is far from being completed. Defer- 
ring, therefore, such explanation of these complicated regions as may bo 
practicable, let us first take a view of the succession of primeval life in 
Scandinavia and Russia-in-Europe, where, on the contrary, the series of 
the older fossil-bearing sediments is exhibited, over very wide areas, in 
clear and symmetrical order, and for the most part uninterrupted by the 
intrusion of igneous rocks 


In Scandinavia and Lapland, ancient crystalline rocks occupying the chief 
mass of that territory, and consisting to a great extent of granite and gneiss, 
with many varieties of schistose and quartzose strata, often metalliferous, in 


* The limits of this work do not poi^it any 
attempt to delineate the mineral composition of 
the Ural Mountains, except to indicate l)y the way 
how clearly they exhibit tne metamorphism of the 
Paleeozoio deposits of Russia-in-Europe. An ac- 
quaintance with many of their natural produc- 
tions must be sought in the works of other authors, 
from the time of Fallas to the days of the great 
traveller Humboldt, who explored these regions 
accompanied by his friends Gustaf Rose and 
Ehrenberg, and extended the lights of science to 
the frontiers of China. Besides the ‘ Reise nach 
dem Ural, dem Altai,’ &c., of those authors, the 
reader will find a m*eat body of information in 
the ‘ Archiv fUr ^nssenschaitliche Eunde von 
Russland,' conducted by M. Adolf Ermann, the ex- 
plorer of North-eastern Siberia and Kamtschatka. 
Among the authors who have written on the mi- 
ne]^ structure of Siberia, Helmersen and Hoff- 
mann also stand out conspicuously, as will be 
seen by those who consult their publications in 
the ‘ Annuaire des Mines de Russie.’ The splen- 
did work also of M. Pierre de Tchihatchef, 
on the Altai Mountains, and many others would 
have to be noticed; but as this volume is chiefly 
an outline of the nature and succession of the 
older sediments, I cannot here expatiate upon the 


labours of many of my cotemporaries. 

In the work * Russia and the Ural Mountains,’ 
references are given to the authors, both anterior 
and cotemporary, who have illustrated the older 
sedimentary deposits and their fossils in the Rus- 
sian Empire. Special allusion is there made to 
the first (and a ve^ able) attempt at the construc- 
tion of a geologi^ map of Russia by the late 
Hon. W. Fox Btrangways (Earl of Ilchester), and 
to his orimnal sketch of the environs of St. Peters- 
burg, in^rauB. Geol. Boo. Lond. 1st ser. toI. v. p. 
392. References are of course also made to the 
original work of Pander on the fossils of the same 
district, and to Eichwald’s ‘ Syst^e Silurien de. 
I’Esthonie.’ Since the publication of our work, 
my friends and self have been gratified by seeing 
it translated (1849) into the Russian language by 
Colonel Osersky, who has added some important 
data from his own observation and other sources, 
including corrections of our general gecdogioal 
map. Several communications of value on tiie 
geology and fossils of Russia, Helmersen and 
others, are to be found in the Bulletin Soo. Imp. 
Naturalistes de Moscou, and other serial works; 
and M. Eiohwald’s * Lethsoa Rossioa* forms, as far 
as it has been publislied, a useful compendium of 
Russian Palaeontology. 
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which nothing organic has been discovered^ are covered at intervals by true 
representatives of the Silurian rocks. , I have little doubt that the oldest of 
these rocks, particularly in the central and northern parts of Norway, tracts 
which I did not visit, will be found to underlie all the formations of Cambrian 
and Silurian age, and therefore pertains to the Laurentian. 

The lowest strata which have as yet afforded fossil animal remains are 
dearly the equivalents of the Lowest Silurian strata of the British Isles, Bo- 
hemia, and other countries. 

In a recent tour in Norway, made to compare the effects of glaciation in that 
country with those known in Scotland *, Mr. Geikie ascertained from the com- 
munication of M. Tellef Dahl, who with M. Kjerulf is carrying out the Geo- 
logical Survey of Norway, that there was also a great similarity in the general 
succession of the rocks of the two regions. Thus the Laurentian gneiss is re- 
presented by the widely spread crystalline rocks of Telemark, covered by red 
sandstone and conglomerates (probably Cambrian), which lie quite unconform- 
ably on the fundamental gneiss. Then follow schists with Dictyonema Norvegica, 
which may stand for the ^ Primordial’ Silurian zone. The last is surmounted by 
quartzites, and homblendic and even gneissic schists, resembling the altered 
Lower Silurian of the Highlands of Scotland, and are manifestly of the same age 
as the unaltered Lower Silurian strata near Christiania. Other rocks, representing 
the Lower Old Red Sandstone of Scotland, surmount all the preceding series. It 
may be added also that, in Kjerulf and Dahl’s new Geological Map of South Nor- 
way, a large area of green mica-schist, that was formerly thought to be azoic, is 
really composed of Silurian metamorphic rocks, in which obscure fossils, such 
as an Orthoceras and a Coral, have been detected. Also the extensive tract of 
sandstones, grits, and conglomerates, once regarded as Devonian, in the same 
region, are of Cambrian age, resting on Laurentian gneiss, and are much more 
extensive than the earlier maps depict them. 

The first of the following diagrams represents the succession of Lower Silu- 
rian deposits from a base of ciystalline gneiss and associated strata near Kinne- 
kuUe in Sweden t- 

Lower Silurian Strata op Sweden reposing on Gneiss. 


bL , (From ‘ Russia-in-Europe,’ p. 15.) 



gn. Gneiss. t Trap or eruptive greenstone. bl. Erratic blocks. 


In other parts of Sweden, as near the Billingen Hills, the two lower groups 
of strata, a, 5, of the above section are seen to rest upon granitic rocld without 


* See Proc. Boy. Boo. Edin. toI. v. p. 632. 
t A detailed geolc^cal map, inoludingall the 
crystalline and metaUiferouB rocks of Sweden, has 
for some time been in preparation, but is as yet 
only partly published. This task was undertaken 


by MM. For8ells,Erdmann,Franzen, and Troilius, 
but abandoned. M. Erdmann, who has lately vi- 
sited England, has now taken it up by authorily, 
and will, 1 trust, complete this work. 



Chap. XIV.] LOWER SILURIAN IN SWEDEN AND NORWAY. 


S47 


any intervening crystalline schists. In such cases the lowest sandstone, which is 
used as a niiUstone, is simply a re-aggregated granite, the arhose of Brongniart ; 
the materials haying been derived from the subjacent rock. 


Oldest Silurian Strata op Sweden resting on Granite. 
(From * Russia-in-Europe/ p. 16.) 



b. Alum-schist. a, Fucoid-sandstone. a'. Arkose. gr. Granite. 

Now, whether the subjacent rocks be composed of granite, granitic gneiss, or 
flinty slates, and quartzose or other crystalline masses, the fundamental strata 
in which any traces of former life can be detected are sandstones and schists, 
which stand in the place of the lower fossiliferous beds of Britain, and of that 
* Primordial Zone ’ in Bohemia which will presently be noticed. The bottom 
beds contain Fucoids, or casts of Sea-weeds only ; but the lowest band of schist 
is well characterized by its fossils in several parts of Sweden, and particularly 
at Andrarum, where it contains Trilobites of the genera Paradoxides, Olenus, 
Conocephalus, Agnostus, &c. 

The limestones which next overlie (c, of the section at p. 346), and which 
abound in Orthidse, large Orthocerata, Trilobites, and Cystidese, are distinctly 
the equivalent of the British Llandeilo formation of schists, flags, and lime- 
stone &c. Above these, but connected with them, is a considerable mass of 
shale or schist, chiefly characterized by Graptolites ; and this is covered by other 
limestones, which in Gothland are profusely charged with very many of the 
same species of Shells and Corals as are found in the limestones of Wenlock 
and Dudley. The whole of this series is capped, in the south of Gothland, by 
certain sandy strata, which are supposed to be meagre equivalents of the Lud- 
low rocks *. 

Whilst, however, the organic remains of the Silurian rocks of Sweden have 
been elaborately and ably described by various authors there is nowhere to be 
m seen, in any one tract of that kingdom, the same concentrated succession of all 
these strata from their base upwards, or one natural section so clearly connecting 
the Lower and Upper Silurian, as is exhibited in Norway, and piiticularly in 
the territory of Christiania. There, as formerly described by myself, various 
strata, clearly divisible into ^ Lower ’ and ^ Upper ’ Silurian through their cha- 
racteristic fossils, are regularly exhibited in a very small compass in the Steens- 
fiord, between the River Drammen and the Ejrokleven, to the west of Chris- 
tiania, where their uppermost member is conformably overlain by a great 

* See details of this suocession, by Morohison in the ' Lethasa Bnecica ’ (1837) of Hising;^. G, 
and de Verneuil, Quart. Joum. GeoL Boa Lond. LindstrSm's researches among me Gothland fosaUs 
Tol. iii. p. 1. . are well known to palseontologists by his seTeral 

t See ‘ Falseontologia Sueoioa,’ pt. 1. In this memoirs on the Brachiopods, C^romated Corals, 
brief sketch, no justice can be done to the nume- &c. The ‘G»a Norvegica’ ox Eeilhau is well 
rous works on the rooks and fossils of Sweden and known for its description of the lithologioal oha- 
Norway — oountries which, from the time of Lin- raoter of the various Norwegian rooks. But the 
nieus to the present day, have contributed so work whioh has completely worked out the pre- 
much to the progress of Natural History. In the oise relation of the component parts of the Siln- 
memoirs of &e veteran Nilsson of our time, in rian rooks of Norway is that of M. Ejerulf. It 
those of Wahlenberg and Gyllenberg of past is from this publication that the data in the last 
years, and in ^e works of Lov6n and Angelin, edition of ‘Siluria’ were derived, whioh deter- 
whioh have more recently appeared, the fossil or- mined with so much exactness the similarity of 
ganio remains have received much illustration in the English and Norwegian Silurian rooks, 
addition to the knowledge formerly communicated 
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accumulation of Old Bed Sandstone with conglomerate, as expressed in the two 
following diagrams*, prepared on the spot by myself in 1844: — 


Succession in Norway. (From ‘ Russia-in-Europe,’ p. 10.) 


€ 



Lower Silurian. Upper Silurian. Old Bed Sandstone. 


0. Gneiss, a. Lower sandstones, schists, limestone, and flags, b. Limestone, with 
Pentameri. c. Coralline limestone (Wenlock). d. Calcareous flagstones (Ludlow). 
e. Old Bed Sandstone, p. Bhombic porphyry, t. Other eruptive rocks. 

The same strata prevail in the Bay of Christiania j but there they are at many 
points contorted and penetrated by syenites, greenstones, and hypersthenic rocks, 
whereby the Alum-schists below are here and there crystallized (a), and the lime- 
stone, bj converted into marble. The next section (a continuation to the east of 
the preceding diagram) explains their relations, and shows how the undulating 
and broken masses, regaining their order, fold over and dip under a great mass 
of Old Bed Sandstone (<?), the western extremity only of which is represented in 
the preceding diagram. 


W. E- 



e. Old Red Sandstone, d. Calcareous flagstones, c. Coralline limestone and shale 
(Wenlock), beautifully exposed in many islands of the bay. b. Limestone, in parts a 
marble (as at Paradis-backen). a. Lower Silurian schists &c., in parts altered, o. 
Gneiss, t. Various eruptive rocks, w^hether syenites, greenstones, porphyries, or 
younger granites, which have been forced through the strata, p. The rhombic por- 
phyry on the summit of the plateau. 

Having now adverted to the sections of this tract which I made in 1844, when 
I first placed the older fossiliferous strata of Norway in parallelism with the Si- 
lurian and Devonian rocks of my own country, and showed that the thousands 
of feet of the Silurian strata of Britain are fully represented, as respects their 
fossils, by the hundreds of feet only which exist in Norway, it is most gratifying 
to find my inferences were eleven years afterwards proved to be true by the de- 
tailed labours of M. Theodor Kjerulf 

Dividing the whole Silurian series of Norway into the three physical groups 
of Oslo, Oscarskal, and Mai mo, M. Kjerulf has recognized fourteen distinct fos- 
siliferous bands, as exhibited in the opposite sections. 

In referring to the section, fig. 1, we see that the Alum-schists (2), with bitu- 
minous limestone, rest upon unfossiliferous and siliceous greywack^ (1), the 
equivalent of the upper part of the Longmynd (Cambrian) of Britain. In No. 2, 

* Pot the particolara of these phenomena, con- navia, &c., and their Belations to Azoic or more 
suit * Bussia-in-Europe,’ vol. L pp. 10 ei seq., and Becent Crystalline Books 1846. 

Quart. Joimi. Geol. Boc. Lond. voL i. p. 467 (Mur- t I^as Christiania Silur-Beoken, 1855. See also 
omson On the Falseozoic Deposits of Boandi- Quart. Joum. Geol. Boo. vol. xiv. pp. 36 &c. 



Fig. 1. — General Section op the Silurian Rocks in Norway. Fig. 2. — Section of a part of Ladegaards-6. 
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the lowest zone in which intelligible fossils have been detected in Scandinavia, 
there are found small Graptolites, the Graptopora * flabelliformis, several species 
of Lingula, including one like Lingulella Davisii, a homy shell nearly allied to 
Obolus ApoUinis, Agnostus pisiformis, Olenus scarabmoides. Beck, Olenus latus. 
Beck (Euiycare latum, Angelin), Olenus alatus. Beck (SphsBrophthalmus alatus, 
Angel^), Olenus gibbosus, Wahl., Asaphus grandis, and I^obites pusillus, 
Sara. 

This zone (2), being unquestionably the same as. the ^ Kegiones A, B ’ of 
Angelin in Sweden is manifestly the northern equivalent of the ^Primordial 
Zone ’ of Barrande in Bohemia, and of the Lingula-schists of Britain, and, 
though only 150 feet thick, contains Graptopora flabelliformis mixed with 
Lingula, as in our own country, and with them Agnostus pisiformis and the 
Graptolite Didymograpsus geminus, as well as the common Silurian Brachio- 
pod Orthis calligramma. The last three species occur also in the Llandeilo 
zone of the Silurian region of Britain. In other words, we thus see clearly that, 
in extending our survey, it is impracticable in general classification to separate 
the ‘ Zone Primordiale ’ of Barrande from the other Lower Silurian rocks. 

The next mass of schists (3, 4, 6), with an intermediate limestone, bears a 
close analogy to its congener in Britain, by ushering in with it a profusion of 
species, and well represents the Llandeilo formation. Amongst its fossils are 
the Graptolites Diplograpsus pristis, D. folium, D. teretiusculus, Graptolithus 
Sagittarius, and the Shells Orthis calligramma, 0. elegantula (O. parva, de 
Vem.), 0. flabellulum (?), Bellerophon bilobatus, B. acutus, Orthoceras duplex, 
0. annulatum, Lituites comu-arietis, with Phacops conophthalmus (Asaphus 
Powisii, Sil. Syst.), and many other Trilobites of species peculiar to Sweden, 
but all belonging to the Lower Silurian genera, Asaphus, Ogygia, Trinucleus, 
Olenus, &c. 

The group (6, 7) consisting of calcareous and argillaceous flags, intermediate 
Orthoceratite-limestone, and lower Encrinital schists, though intimately con- 
nected by many forms with the underlying divisions, is yet characterized by 
many other fossils, which enable us to refer it to the true Caradoc (or Bala) 
formation, as defined in the Fourth Chapter of this work. 

These fossils are : — Orthis calligramma, O. testudinaria, O. pecten, Leptsona 
sericea. Lingula attenuata, Bellerophon bilobatus, B. acutus, Conularia quadri- 
sulcata, and probably C. Sowerbyi, with other species ; Orthoceras duplex, 0. 
gigas, O. dimidiatum, 0. distans, and O. annulatum, — the last three being Upper 
Silurian forms in Britain. T^e other fossils of Lower Silurian age are ; — Lituites 
comu-arietis, Trocholites anguiformis, Euomphalus and Turbo several species, 
including Euomphalus alatus, Hisinger?; with Echinosphaerites aurantiuftl, 
Tentaculites Anglicus (annulatus, Sil. Syst.), and the well-known Trilobites 
Asaphus expansus. Trinucleus concentricus (T. Caractaci, Sil. Syst., var.), T. 
seticomis, Ampyx nasutus, Ogygia, Calymene Blumenbachii (var. pulchella), 
and Phacops macroura, Sjogren, which closely resembles P. truncato-caudatus 
of the British Caradoc formation. The Corals are : — Favosites (Stanopora) fibrosa 
and its variety Lycoperdon, with species of Turbinolopsis (Petraia), &c. 

The calcareous sandstone (No. 8 in the sections) would seem, from its organic 
remains, to constitute the commencement of a transition from the Lower to 
the Upper Silurian rocks, such as is seen in the Lower Llandovery rocks of 

* The generio name proposed by Mr. Salter in Beport of Amer. Assoo. for 1857, Montreal. 

1857 (see p. 46) for this curious form, which fk'cms f See M. Barrande’s lucid memoir, ‘Parallfele 
to (^nncct the FenestellidsB with the Graptoliti'S. entre les DepOts de Boh^mo et de Soandinavie,’ 
It is, however, the Phyllograpsus, Angelin, MS., 1056. 
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South. W ales. Thus with Orthis testudinaria and 0. zonata^ Dalm., and Patella (P) 
antiquissima, His., occurs a characteristic Lower Llandovery species, Meristella 
angustifrons, M^Coy, and many large smooth Pentameri of species not yet 
named. Here are some associated fossils which are also commonly found in the 
Upper Silurian rocks of Britain. These are : — Strophomena depressa, Euom- 
phalus sculptus, Phragmoceras P (Cyrtoceras) ventricosum, Encrinurus punc- 
tatus, Actinocrinus moniliformis, Favosites alveolaris, Heliolites megastoma, 
Halysites catenularius, Cyathophyllum turbinatum, &c. 

In speaking of the characters of the fossils of this zone, it is to be observed 
that the characteristic Lower Silurian Trilobites have already disappeared *. 

The argillaceous schists with calcareous flags (No. 9 a) obviously represent 
also a part of that intermediate group, connecting the Lower and Upper Silurian, 
to which I assigned the name of ‘ Llandovery rocks ; * for in these beds certain 
species of Pentameri are first met with, whilst the overlying limestone (9 b) is, 
as in Britain, charged with Pentamerus oblongus : it forms in both countries a 
clear horizon. 

The fossils are : — ^Fenestella asimilis, Alveolites repens, Coenites intertextus, 
Ptilodictya scalpellum, Halysites catenularius, Orthis calligramma, 0. elegantula, 
0. testudinaria, O. pecten, 0. zonata. Balm., O. lamellosa, Strophomena depressa, 
Leptsena transversalis, Orthis insularis, O. biforata (Spirifer lynx, Sp. dentatus, 
Atrypa crassicostis, &c.), 0. biloba (Sp. sinuatus, von Buch), Cyrtia trapezoi- 
dalis, Trigonotreta compressa, Pentamerus galeatus, Stricklandinia lens, Atrypa 
reticularis, Linn., A. prunum, A. tumida, and A. aspera. Balm., Euomphalus 
funatus, E. sculptus, Acroculia haliotis, Calymene Blumenbachii, Encrinurus 
punctatus, Ampyx, Acidaspis, and Trilobites (Proetus ?) ellipsifrons of Esmark, 
T. elegans, Sars, &c. 

The band with Pentamerus oblongus is at once followed by another limestone 
(No. 10) highly charged with Corals and Crinoids, and evidently characterizing 
the mass of the Wenlock limestone. It is, however, important to remark that, 
with many Corals, and Euomphalus sculptus, E. carinatus, and even Orthoceras 
annulatum and O. ibex, we again meet with Pentamerus oblongus of the 
subjacent band, thus linking together, still better tlian in England, these beds 
■with the inferior strata, and showing a higher vertical range of the above spe- 
cies of Pentamerus than is known in England, where it never rises into the 
Wenlock formation. The list of fossils includes Ptilodictya lanceolata, P. scal- 
pellum, and the Corals Cyathophyllum turbinatum, Goldf., Ptychophyllum pa- 
tellatum, several species of Heliolites, and several forms noticed in the underlying 
• strata, ■with Sarcinula organum, a species of Lower Silurian age in Britain. The 
prevailing Encrinite is Actinocrinus moniliformis, Goldf. ; whilst Comulites ser- 
pularius is accompanied by the follo^wing shells — Rhynchonella borealis (Tere- 
bratula plicatella, Balm.), Euomphalus carinatus, E. sculptus, and other spiral 
forms, Orthoceras ibex, 0. annulatum, with Pentamerus conchidium and the 
other species above noted. The Encrinital schists (11) and Upper Orthoceratite- 
limestone (12), the Upper Graptolite-marls (13), and the Upper Malmo lime- 
stone (14), ■with the schists and marls of Overland, Opsahl, Noes, Krogsand, &c., 
represent other members of the Upper Silurian, as far as the lower and middle 
members of the Ludlow rocks inclusive, — ^the Upper Ludlow rock not being 
well represented by fossils. 

Whilst the ordinary Wenlock Corals seem to pervade all the last-named 

* Some of these Corals and Shells in Britain range from the Caradoo formation to the base of the 
ludlow rooks. 
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rocks, their lower members, or the Encrinital schists and Orthoceras-limestone, 
characterized by large Orthocerata with central siphuncles, may, however, be 
supposed to represent the Lower Ludlow, — ^the more so, as they contain Gompho- 
ceras pyriforme. In the overlying shales, Graptolites priodon (Ludensis) abounds ; 
but it is to be noted that this zoophyte is associated with Eetiolites Geinitzianus, 
Barr., and Oyathocrinus rugosus, both of Wenlock age, in Britain, — ^the former 
even pointing to the very base of the formation. 

Even the upper limestones, schists, and shales, as seen at Malmo and the 
places above cited, are still charged with some Corals and Crinoids, known in 
England in the Wenlock formation only, including among the latter Eucalyp- 
tocrinus decorus and Crotalocrinus rugosus. On the other hand, here are also 
found some of the typical species of the Ludlow rocks, viz. Chonetes lata, Rhyn- 
chonella Wilsoni, Rh. navicula, Cyclonema corallii, Pterinea retroflexa, Orthoce- 
ras ibex, &c. 

In my own rapid survey of the environs of Christiania, as formerly explained 
to the Geological Society, I could not, any more than M. Kjerulf, detect fossils 
indicative of the uppermost Ludlow rock, though I then pointed out a conform- 
able passage upwards from the grey Upper Silurian rocks into an overlying red 
sandstone. In some parts of Sweden, however, and on another occasion, my co- 
adjutor M. de Vemeuil and myself detected organic remains in strata which 
must, we thought, represent the Upper Ludlow^, and even a transition into the 
Devonian. Thus in Scania we found true Upper Ludlow fossils in red flaggy 
sandstones which Forchhammer had classed as Old Red Sandstone *. 

Again, in proceeding from the northern and central parts of Gothland, which 
are occupied by the Wenlock limestone, we at length reached beds of a sandy 
and marly character, in which some of the species above mentioned, including 
Pterinea retroflexa, Chonetes lata, and Cyclonema coraUii, were collocated with 
Rhynchonella nucula, Orthonota retusa, Murchisonia articulata, and Beyrichia 
tuberculata, all fossils of the Upper Ludlow rock. 

The detailed sections of the Norwegian strata are most valuable in demon- 
strating, by comparison, that the Silurian rocks of Norway are, from their base 
upwards, the true equivalents of those in Britain, and also in showing that 
the Alum -schists, like the ^ Primordial ’ Silurian strata, form the natural-history 
base of the Silurian system. The sections also demonstrate that, from this base 
to the uppermost beds, these zones (in all occupying less in the Christiania basin 
than 2000 feet in vertical dimensions) represent the whole of the vastly ex- 
panded British series, and constitute one conformable and natural system, 
whether viewed physically or zoologically t. 

Subsequently to the issue of the excellent work the ^ Silurian Basin of Chris- 
tiania ’ J, M. Kjerulf and M. Tellef Dahl pointed out that the whole of the above- 
mentioned Silurian deposits repose upon quartzose rocks (to the north of Chris- 
tiania) which in 1857 the authors referred to Cambrian age §. In a separate 
work they proved that the silver-ores of Kongsberg occur in crystalline rocks 
(whether gneissic, hornblendic slate, mica-schist, or quartz-rocks) which are 
older than the lowest Silurian ||. Another and more elaborate description of the 
Silurian basin of Christiania by Kjerulf himself followed in 1866 % illustrated by 

* Quart. Joum. Geol. Soc. vol. iii. j). 34. $ TJeber die G-eologie des siidlichen UTorwegens 

t Judging from a collection transmitted bj M. (Christiania, 1857). 

^emlf, and examined bj Mr. Balter, the specific || Om Kongsbergs Bits District (Christiania, 
identification with the British forms may for the 1860). 

mostj^rt be depended upon. ^ Veiviser (Christiania, 1865). 

X Cnristiania Rilur>Beoken chemisch-geognoB- 
tisch Untersucht (Christiania, LB55). 



Chap. XIV.] PALSOZOIO SUCCESSION IN NOBWAY. 


858 


a detailed map and drawings of many fossils, showing that the lowest fosddife- 
rous strata contained Graptolitidss with the well-known Lower Silurian Brachio- 
pods Orthis callactis, Atrypa lenticularis, Dalm., Lingulella Davisii, together 
with Olenus and other Trilohites. Lastly, in the same year, MM. Kjerulf and 
Tellef Dahll brought out a geological map of all Southern Norway, accompanied 
by many sections *. In this last work, as in the preceding publications, the 
yaried geological features have been laid down upon the same topographical 
map on which the late Professor Eichwald delineated the structure of Norway. 
All geologists who make the comparison will therefore see at once what vast 
advances have been made in the last twenty-three years, or since I first applied 
(in 1844) the Silurian classification to the rocks of that kingdom. 

The general ascending series, as worked out and as exhibited in the map, tables, 
and sections of Kjerulf and Tellef Dahll, is as follows : — 

1. Fundamentid rocks of gneiss, and quartzose, homblendic and micaceous 
slates, with some bands of crystalline limestone. These may represent the 
Laurentian rocks of North America and the North-west of Scolland. 

2. Talcose schists and other metamorphosed rocks, with dolomites. These the 
authors now refer to the so-called ^ Taconic^ rocks of North America ; but as the 
latter have been ascertained to be nothing more than metamorphosed integral 
parts of the ordinary Lower Silurian, the use of this term is misplaced t* These 
masses seem, indeed, to occupy the very place of the ^ Primordial * Silurian Zone 
of Britain and Bohemia ; for in parts they contain the same Trilohites and well- 
known common Brachiopods of the orcdnary Lower Silurian rocks, by which 
they are overlain conformably. 

3. Great mass of the Lower Silurian rocks, overlain in many places by Upper 
Silurian, which, as before stated, is surmounted by Old Bed Sandstone. 

In addition to this description of all the older stratified rocks, MM. Kjerulf and 
Tellef Dahll have laid down upon their map the outlines of eight varieties of ig- 
neous rocks, from the oldest granites of the icy Dovre-Feld, through a succession 
of molten rocks of different ages, including gabbro and syenite, up to the por- 
phyries and quartzose porphyries. They have also indicated by separate colours 
the chief events in the series of glacial changes, from the most ancient moraines 
of land-glaciers, through the succeeding operations of ice, whether in connexion 
with the deposition of gravel, sand, and sea-shells, or the transport of erratic 
blocks, followed by great alluvial accumulations. Such labours are worthy of 
all praise. 

Besides the clear order of superposition of the various Silurian rocks and 
their identification by fossils, M. Kjerulf has further shown how different 
members of the series have been here and there metamorphosed into crystalline 
gneiss. The numerous points at which the sedimentary formations have been 
pierced by eruptive rocks long ago suggested to the late Professor Forchhammer 
and myself a sufficient explanation of such conversions %. 

This subject has, indeed, been since worked out in some det^ by Mr. David 


* ‘G-eologisoheKarte/ Kjerulf and Tellef Dahll: 
Chriatdania, 1868-65. , . 

t Not only Sir W. Logan and the Canadian 
Surveyors, but, as far as I know, all American 
now admit that the ‘ Taoonio ’ schists 
and dates of Emmons are sinmly the metamo^ 

. /’VnAkan 


zrom taeir luwiiD, * apprehend -- -- w. 

way the rooks whi<m Kjerulf and T. Dahll have 
(^ed ‘ Taoonio' are simply a northern extension 
of the ‘ Primordial ' Silunan rocks of Barrande, 


which in North Wales exhibit a great expansion 
as Lingula-flags. In Norwwr, indeed, they ^ 
demonstrated to be an integral pi^ of the Silurian 
system by containing Q-raptolitopora (Diotyo- 
nema), together with Olenus and common Lower 
Silurian Brachiopods. According to my view, these 
beds, ranging into the central mountains of Nor- 
way, are proved by their fossile to be simply ex- 
pansions of the much more diminutive Alum-uates 
of Sweden, Bornholm, and Norway. 

X Quart. Joum. G-eol. Boa vol. i. pp. 470, 474, 
Ac., and Bossia-in-Surf^ vol. L p. 14, 
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Forbes^ whose residence at Christiania enabled him to contribute satisfEUstory 
information, clearly demonstrating the conversion of sedimentary Silurian strata 
into crystalline to ^ replete with simple minerals 

To resume the history of succession. The ‘ Primordial ’ fauna of Scandi- 
navia, which I long ago characterized as ‘ the earliest zone of [then] re- 
cognizable life,^ consists, in its lowest stage, of Fucoids only. The next 
zone contains the Graptolites, Shells, and Trilobites before alluded to, 
some of which are identical with fossils of our lingula-flags of Britain, 
or the * Zone Primordiale ’ of Barrande. Its Trilobites have been elabo- 
rately described by Professor Angelin t, who has added much to our ac- 
quaintance with these fossils. Among the Crustacea of these beds Bc- 
giones A, B’ of Angelin), we recognize in Sweden several of the genera 
which characterize some of the lowest of the fossiliferous beds of Britain. 
The most plentiful of these Crustaceans are Agnostus pisiformis and many 
species of Olenus, of which last-named genus some species also occur in 
the black schists of our Malvern Hills (p. 45). 

Then the Swedish ^ Regiones C and D ’ of Angelin are, as in Norway, 
nothing more, as respects their fossfls, than masses of Lower Silurian 
rocks (Uandeilo and Caradoc) as described in England and Wales, and 
which reappear in great force in the Bay of Christiania, Norway. They 
are specially identified by the abundance of Trilobites of the same genera 
as those in our British strata of this age, viz. Asaphus, Ogygia, Remo- 
pleurides, Trinucleus, Hlasnus, Ampyx, <fec. Many species of Trilobites 
and MoUusks of the two countries are identical, as shown by the preceding 
details. 

Having examined these Lower Silurian rocks over various tracts of 
Sweden and Norway, I can assure geologists that, rich as they are in fos- 
sils (so rich that they have enabled M. Barrande, as will soon be seen, to 
parallel every one of their stages, from the lowest upwards, with the 
‘ Primordial’- and succeeding zones of Bohemia), the whole of the lower 
Silurian of Scandinavia never much exceeds in vertical thickness about 
1200 feet I And yet this mass is as complete in the development of life 
as the 30,000 feet of strata of the same age in Britain, which have been 
so much expanded by intercalations of igneous matter ! Nay, the general 
succeraion is essentially the same as in our islands; for the Lower 
Silurian of Sweden and Norway is conformably overlain by a zone charged 
with Pentamerus oblongus, and passes up into shales and limestones 
which completely represent the Upper Silurian, particularly the Wenlock 
formation. 

And here, in respect to nomenclature, 1 may observe that the geologist 
who should seek to separate the Lower Silurian of Sweden and Norway 
from the Upper, and call the higher part only Silurian, would make a 
distinction which could not be followed out upon any map; for these 

* Jonrn. GeoL Boo. vol. xi. pp. 166 fee. ^ Falnontologia Suecioa, pt 1, 1852. 
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two groups are there often exhibited, as in the preceding sections, in such 
frequent undulations as to constitute one united mass of very small thick- 
ness, all the strata of which have a community of aspect, and maintain a 
perfect parallelism to each other. 

The identity which I formerly established • between the chief limestones 
of Gothland (together with certain isles in the Bay of Christiania) and 
those of Wenlock and Dudley was proved by the great number of the 
fossils common to Scandinavia and Britain, and is now well known to all 
geologists and collectors. 

Silurian Boclcs of Russia , — Following these ancient deposits into the* 
Baltic Provinces of Russia, and beginning our examination of them in the 
environs of St. Petersburg, where their lowest beds are exposed, we find 
that the hard crystalline rocks of Scandinavia and of Finland have sub- 
sided beneath the sea-level, and that we can nowhere observe that junc- 
tion, so clearly observed in Norway and Sweden, between the lowest 
Silurian rock and the masses which were formed before it. 


Ranging from the banks of the River Neva at the Imperial metropolis to the 
cliffs west of Narva, the lowest visible strata are composed of bluish or greenish 
shale (the ‘blue clay’ of Russian geologists), though, in sinking the piles for 
the support of the new granite bridge at St. Petersburg, and in other subter- 
ranean works, courses of incoherent sand have also been met with in it. This 
clay, although as soft as that of Tertiary age in and around London, and so 
plastic as to be used even by sculptors for modelling, is clearly of the same 
age as some of the oldest strata described in Sweden and Norway, or as the 
much harder and more crystalline lowest Silurian slates of Wdes; so en- 
tirely have these venerable Russian strata been exempted from the influence of 
change. 

The lower clay or shale is followed upwards by sandy beds in parts sufficiently 
coherent, particularly when cemented by oxide of iron or a little calcareous 
matter, to form a sandstone, occasionally a calcareous grit, on which the Castle of 
Narva stands. On the banks of the Rivers Ishora, Tosna, and Siass, tributaries 
of the Neva, these^eandy strata are mterlaminated by thin courses of shale, ap- 
proaching to impure fuller’s earth, the sandier parts of which are intermixed 
with green grains, and occasionally contain small concretions. In these layers 
Pander found several of his microscopic Conodonts ; but the organic bodies 
which specially characterize this band are Obolus Apollinis, Eichw. (the 
Ungulite of Pander), Orbicula (?) Buchii, and O. (?) reversa, de Vem., and some 
rarer shells termed Siphonotreta and Acrotreta. Of these, however, the little 
homy Brachiopod the Obolus or Ungulite is so much more abundant than 
any other fossil as to have induced Pander to give to the rock the name of 
‘ Ungulite-grit.’ 

This Ungulite-grit is overlain by a course of dark-coloured schist, which con- 
tains Graptolites, and is often bituminous, particularly in Esthonia, where it has 
even been extracted for fuel. 

It was in the green sands associated with the Ungulite-grit and bituminous 
shale, that the distinguished palaeontologist, the late Dr. Pander, dis^vei^ 
those minute bodies (of the size of pins’ heads and less) which he termed Oo- 

* Quart Jonm. GeoL Soa vol. iiL pp. 18 &o. 
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nodonts^ and which were referred by him to Fishes. If this suggestion had been 
home out by inquiry, my broad generalization as to the first appearance of ver- 
tehrata, and to which I attach great importance, would have been set aside 
but the able microscopists Carpenter, Quekett, and Harley, as well as Barrande 
and others, have rejected the idea of their being parts of Fishes, referring them 
to Crustacea and other low animals. Professor Owen, having favoured me with 
a similar opinion, declared that they present ^ the most analogy with the spines, 
booklets, or denticles of naked Mollusks and Annelides.’ The detailed descrip- 
tion of them by Professor Owen is given in the Appendix (E), and thus the 
question is completely set at rest. 

A curious addition to our acquaintance with the minute fossils of the green 
sand of these Lower Silurian rocks of Bussia was made by my eminent friend 
Dr. Ehrenberg, who discovered that many of the green grains consist of the sili- 
ceous casts of Foraminifera f. 

The chief or Orthoceratite limestone (the Pleta), which follows, is charac- 
terized at its base by sandy calcareous beds containing a profusion of those dark- 
green grains which are here and there apparent in the subjacent strata, and 
which have been supposed to be the debris of ancient augitic rocks of Finland 
(see * Russia-in-Europe,* p. 28*), but may, to some extent at least, have been 
derived from the silicated moulds of Foraminiferal shells. In lithological aspect, 
however, these lower calcareous beds usually so resemble the ^ Craie chlorit^e ’ of 
the French, or the green varieties of the Upper Greensand of England, that, 
when mineral characters alone guided geological classification, they were even 
supposed by Alexander Brongniart to belong to the Cretaceous system. That 
misapprehension, however, was long ago removed by the works of Pander and 
Strangways. Separated by wayboards of greenish-grey or reddish shale, these 
green calcareous beds are surmounted by the earthy, grey, flat-bedded limestone 
which, occupying the hills of Czarskoe Celo and Duderhof south of St. Peters- 
burg, ranges westward into Esthonia, and is the chief fossiliferous band of the 
Lower Silurian rocks. Conodonts have been found by Pander chiefly in the 

Loweb Silubian Bocks in the Clipps neab Waiwaba, Gulp op Bothnia. 



a. Lower shale, obscured by fallen fragments of rock and ice-bome Scandinavian 
blocks, i. Ungulite-grit. c. Argillaceous schist, with Graptolites (Phyllograpsus). 
d. Orthooemtite-limestone (covers by granite-blocks which were transported from 
Sweden during the Glacial Period : * Bussia in Europe,' vol. i. pp. 34, 511 et seg.). 

green sandy beds underlying this rock, although they have been also found by 
him and others in the overlying mass of the great Lower Silurian limestone, in 

t See British Assoe. Report for 1854. In the these oasts (which are considered by him to be new 
‘Proceedings of the Berlin Academy* for June forms), and references to ooUatand oDserrationa 
1050, the rMder will find an account of Bhren- by others, 
berg’s researdies on the aobiieot, some figures of 
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parts of the Upper Silurian and Devonian rocks, and even in the Carboniferous 
Limestone. 

In the cliffs of the Gulf of Bothnia, the above-mentioned Lower Silurian 
limestone appears in relation to the underlying strata as in the preceding 
woodcut. 

These lower limestones, constituting the chief members of the Lower Silurian 
of Russia, are filled, as in Scandinavia, with a profusion of Trilobites, Orthid®, 
large Orthoceratites, Gasteropoda, and Cystidese, characteristic of this age. 
One only (and the most remarkable) of the Trilobites is here represented (Foss. 
88), namely the singular variety ^comutus' of the common Asaphus expansTis 
of Wahlenberg. 

Fossils (88). Asaphus expansus, and its var. coenutus, prom the Lower Silueian 
Limestone of Russia* 

(From ‘ Russia and the Ural Mountains,’ vol. i. p. 37.) 



Among the other characteristic fossils may be cited Amphion Fischeri, 
Eichw., nisenus crassicauda, Dalm., Ampyx nasutus, Dalm., Cybele verrucosa 
Dalm., Orthis calligramma (PI. V. f. 7, 8, 9), O. biforata, Schloth., Orthocer^ 
duplex, Wahl., and many Cystideans, of which Echinosphserites aurantium is 

the type. . . x- j 

Here, laying before the reader a reduced sketch of the very characteristic and 

Fossils (89). Oethocbbas duplex, Wahlenbeeg. 





A characteristic Russian and Scandinavian fossil. 


large Orthoceras of the Lower Silurian rocks of Scandinavia and Russia (Foss. 
89), we must refer to the works of Pander and Eichwald *, and to that of myself 
and colleagues, for a full description of these fossils. 

In proceeding westwards from the Government of St. Petersburg mto Es- 


* In citing the name of Eichwald, I must ex- 
nresB my regret that, after demonstr^g the 
identity of the strata forming the seaboaM of 
the Baltic provinces of Bussia with the r^s of 
Britain under the term ‘ Silumn; (‘ Silunsohe Sys- 
tem in Bsthland,' 1840), he should have gone back 
to the obsolete term ‘Grauwaokd. The uw of 
this word as resiiects the Busso- Baltic rocks of 
this date is wholly inapplicable, smoe no one 


band of these presents the lithological oharao^ 
of German ‘ Grauwaokd.* (See ‘ Per Grauwwk- 
enschiohten von Liev- und Esthland, BulLdela 
Boo. Imp. de Moscou, 1854, p. 3). See tiao his 
later memoir (Bull. Soo. SCosoon, 1866-67) for co- 
pious lists of all the known PalleoBoio FosoUa of 
Bussia. The distiuotions of Lower imd Upper 
Silurian, Devonian, &o., are aU omitted, and 
• Grauwaokd ’ is again forced into nomenclature \ 
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thonia, tHe calcareous flagstones (Pleta) are underlain by a bituminous and 
Inflammable shale (see p. 366), formerly described by General Helmersen 
Occurring at Tolks and Pungem^ this shale is veiy rich in well-preserved fossilS; 
including many Trilobites of the genera Ampyx and Trinucleus^ as well as the 
long-known typical British shell, Leptasna sericea of Sowerby. 

Then follows a flne-grained limestone, which, forming the northern half of 
the Isle of Dago, is, according to Professor Schmidt, who has worked out the 
details of this region, the upper limit of the Lower Silurian rocks of Eussia. 
The fossils contained in this band are indeed all truly of the age of the Caradoc 
beds of Britain, including the Calymene brevicapitata, Encrinurus multiseg- 
mentatus, Leptmna sericea, Orthis Actoniae, O. testudinaria, with Murchisonia 
bicincta. Hall, and various types known in rocks of this age in America. 
This limestone, which contains also several characteristic fossils of the inferior 
^ Pleta,’ including Orthis lynx and Chaetetes Petropolitana, terminates upwards 
in beds laden with Corals of the genera Halysites, Heliolites, Caninia, Sarci- 
nula, &c. 

Upper Silurian . — ^In the large work on Russia, Upper Silurian deposits, like 
those of Gothland, were only spoken of by myself and companions as existing 
in the Isles of Oesel and Dago. With the liidted time at our command, and in 
a flat country much obscured by Drift, we did not pretend to draw any defined 
line between the Lower and Upper Silurian. Seeing, indeed, that Pentamerus 
oblongus occurred in a calcareous band ranging above the Lower Silmian cliffs 
of Esthonia, it was natural on my part to refer that stratum, as I had done in 
England, rather to the top of the lower than to the base of the upper group. 

Subsequent researches, however, and the preponderance of certain Wenlock 
fossils, have rightly led the Russian geologists to class this Pentamerus-band 
with the Upper Silurian f. In truth, the whole series in Russia, as in Scandi- 
navia, is of such very small vertical dimensions (not, perhaps, a fortieth part of 
the magnitude of the grand British deposits) that, in a region where all these 
strata are conformable, and where, to use the expression of my associate Key- 


* In addition to variouB able memoirs which 
he has written on the crystalline and paleeozoic 
rocks of BuBsia, to the geological maps which he 
has prepared, and to his late works on the De- 
vonian rooks, my associate in the Imperial Aca- 
demy of St Fetersburc. General Helmersen, has 
published an account cn the nature and position 
of this shale. It is certainly one of the oldest 
deposits which have combustible properties ; but 
the petroleum of the Longmynd and of Fitchford 
(see p. 27) is of far older date, and in rooks 
wherein no trace of land plants has been detected. 
It is probable that moat of the bituminous and 
anthradtio beds of these early periods owe their 
carbon and hydrogen chiefly to decomposed ma- 
rine vegetables. (See Helmersen, * Sur le Schiste 

S g^eux-bitumineiix d'Esthonie,’ Journal des 
ines de Bussie, 1838, p. 97.) 
t M. Ozersl^, who transh^d the work by my- 
self and associates, * Bussia-in-Europe,' into the 
national language, was the first person to call at- 
tention to the succession of those upper calcareous 
Silurian strata, though, when he wrote, the fossil 
distinctions now worked out were unknown. Af- 
terwards, in a short article (Ermann’s Archiv ftir 
Bussland, 1848, p. 236), Dr. Fandor noticed the su- 
perposition of a rock charged withFentamerus ob- 
longns and many Corals to the well-known lower 
limestone of St Fetersbnrg. Anothcn* important 
contribution to deur up the subdivisions of the 
Busso-Baltic Silhrians was made by Frofessor 
Kutorga, in a map of the Government of St Fe- 
tersburg, the result of ten years of labour (Gompte 
Bendu de la Sooidte Mindralogique de St-Fdters- 


bourg, 27 Janvier, 1852). Bepresenting a con- 
tinuous band of Upper Silurian between the De- 
vonian and the Lower Silurian to the west of St. 
Fetersbnrg (a tract which I never examined), he 
admits that to the south and east of the metro- 
polis the succession is what my friends and my- 
self represented it to be, viz. Devonian rocks at 
once resting on Lower Silurian, with one or two 
minute traces only of the lower band of the Upper 
Silurian, or the mnestone with Fentamems ob- 
longuB. Wherever, as in Bussia and America, 
that fossil, or its representative form, appears for 
the first time, in ascending order, in strata other- 
wise charged with Wenlock fossils, the geologist 
has a penect right to class the rock as Upper 
Silurian. Kutorga had previously shown that the 
Fentamerus-zone of Esthonia is surmounted, in 
the Islands of Oesel, D^o, and MOen, bj*- still 
higher Silurian strata. These islands seem, in 
fact, to be equivalents of the southern end of 
Gothland (Hoburg), where I have described cer- 
tain strata which represent the Ludlow rocks 
(Quart. Joum. Geol. Soc. Lond. vol. iii. pp. 1 &o.). 
In another work, ‘ Uebersicht des Silur-Sohich- 
ten-Systems Lievlands und Esthlands,’ 18.52, M. 
Schrenk, the well-known erolorer of (ixe botany 
and mineral constitution of the North Ural Moun- 
tains, has, in conjunction with Frofessor Schmidt, 
extended considerably the range of the Upper 
Silurian; but the work of the last-mentioned au- 
thor is that which, in conjunction with the great 
palasontologioal labours of Fander, has recently 
thrown the clearest light on the subject. 
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serling; all the strata (about 1500 feet thick) ^ are but leaves in one united cal- 
careous volume/ no distinctions can be drawn except by dose examination of 
the organic remains. 

The chief mineral masses of these overlying rocks are fine-grdned limestones 
(passing in some beds almost into marble, and thus presenting a contrast to the 
incoherent and earthy Lower Silurian limestones of St. Petersburg), and mag- 
nesian beds (dolomite) occasionally somewhat crystalline and cavernous, here 
and there charged with white siliceous concretions. In other parts the strata 
are friable, marly, and of grey and yellow colours. 

Bocks having the same mineral aspect, and containing the same fossils, ap- 
pear, as I am informed by Keyserling, along the edge of the Timan Hills, in the 
distant region of the Petschora, at the mouth of the Biver Gatchina, and near 
the shore of the Icy Sea. It is fiirther to be remarked^that neither there nor 
in Esthonia (that is, in tracts 1000 miles distant from each other) has there been 
detected the slightest unconformity between the Lower and Upper Silurian 
rocks. ^ 

The task of working out the organic remains as respects Esthonia and the 
adjacent Islands of Wormes, Dago, Oesel, &c. has fortunately been accom- 
plished since the first edition of this work was published, by Professor Schmidt 
of Ddrpat, whose views, as communicated to me by my associate Keyserling, 
have been published*. The coralline limestone forming the summit of the 
Lower Silurian series graduates in the same cliffs into a more marly lime- 
stone with Pentamerus linguifer, Strophomena pecten, and other fossils. 
The upper portion of the band is everywhere characterized by a profusion of 
Pentamerus borealis, another species (probably Pentamerus oblongus) being 
partially distributed ; whilst the associated fossils are Calymene Blumenbachii, 
Encrinurus punctatus, Leptsena depressa, Atrypa reticularis, LeperditiaBalthica, 
and L. marginata, with many Corals. Next follows a bluish-grey marlstone, 
in part a hard subcrystaUine dolomite, whose chief fossils would seem to refer 
the rock to the Wenlock age, such as Lichas Gotlandicus, Orthoceras annu- 
latum, Orthis elegantula, Leptsena transyersalis, &c. This zone also contains 
many other Upper Silurian species. 

The uppermost Silurian rock (as developed in the Isles of Oesel, Dago, and 
Moen) is a crystalline limestone, rarely dolomitic, the beds of which alternate 
with marly shale. This deposit contains many Mollusks found also in the 
Ludlow rock, such as Pterinea reticulata, Grammysia cingulata, Orthoceras 
buUatum, Murchisonia cingulata, Platychisma helicites, Bhynchonella Wilsoni, 
and Orthis orbicularis, together with Eurypterus remipes ? (or E. tetragonoph- 
thalmus) — a representative of the group of Crustaceans which so much abound 
in the Ludlow rocks. Again, the resemblance of the Bussian to the British 
deposit is marked by the first appearance of Fishes in the ascending order of 
deposits. Of the genus Cephalaspis, which in England first appears in this 
zone, the C. verrucosus of Pander (Thyestes, Eichw.), and C. Schrenkii, Pander, 
occur in the Isle of Oesel, together with Onchus Murchisoni, which is found also 
near Ludlow (see p. 138, and PI. XXXV. f. 13, 14) t. These Uppermost Silurian 

* Quart Joum. Qeol. Boc. vol. xiv. p. 48. oanthua, OnohiiB.--The teeth are naxued Aula- 

t In addition to the Cephalaspides (of seToral oodna (^hagodua, Biohwald), Btrosiphoraa, Odon- 
Bpedee), Professor Pander describes the following todus, Gomphodus, Cownodus, Monopleurodus. 
genera of Upper Bilurian Pishes, mostly Ganoids, If, by further comparison, sereral of these genera 
vi*. Bytidolepis, Bchidiosteus, Coocopeltus, Cy- should disappear, the researches of Dr. Pander 
phomalepis, Traohylepis, Stigmalepis, Dasylopis, will still have made a very considerable addition 
Lopholepis, Diotyolopis, Oniscolepis, Phlebolepis, to Upper Bilurian Ichthyology. It remains, how- 
M^ittomalepis, Tolylepis, Lophosteus, Pterich- ever, to be determined to what extent some of 
thys, Coslolepis, Pachylepis, Nostolepis. The these uppermost beds in Oesel may not represent 
lohthyodomlitos are Bhabdacanthns, Priona- the base of the Devonian rooks. 
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grey beds of the Baltic Islaads are manifestly the ^uivalents of the Upper 
Ludlow rock of Shropshire; on account of many of their inyertebrated organic 
remains. 

The work by Fr. Schmidt, ‘ Die Silurische Formation yon Esthland, Nord- 
Liyland, imd Oesel * (Dorpat, 1858), completely sustains the yiews expressed in 
my preyious edition. Little justice, howeyer, is done to M. Schmidt’s yaluable 
details in this yolume; and the reader who does not consult the original is 
referred to my memoir in the Quarterly Journal of the Geological Society, yol. 
xiy. p. 43, ^ The Silurian Rocks and Fossils of Norway and the Baltic Provinces 
of Russia,’ in which M. Schmidt’s researches are fully treated of. 

In his examination of Gothland, M. Schmidt has ascertained that the sketch 
which I gave in 1847, respecting the British equivalents of that exclusively 
Upper Silurian Island, is correct. In proceeding from the Wenlock Shale and 
Limestone on the north, M. de Vemeuil and myself reached younger strata on 
the south, the highest of which represented the Upper Ludlow Rock. This 
view, though at first opposed by Helmersen, has been supported by Schmidt, 
who, among other arguments, has shown that the strata at the south end of 
Gothland contain the same species of Eurypterus (E. remipes ?) as the upper- 
most beds of the opposite Russian Isle of Oesel, ^which contain numerous 
Ludlow-rock fossils. 

M. Schmidt has given a detailed list of all the known Silurian fossils of the 
Russo-Baltic Provinces. Among about 425 species enumerated, the Corals, 
Graptolites, &c. amount to nearly 80 species ; the Crinoidea, Cystidese, &c. to 
13 ; Comulites, Tentaculites, and other Annelides to 5 ; the Polyzoa to 10 ; 
the Brachiopoda to nearly 100; the Acephala, Pteropoda, Heteropoda, and 
Gasteropoda to 69 ; the Cephalopoda to 39 ; the Crustaceans, including Bey- 
richia &c., to 67 ; and the Fishes (all of which, as in England, are in the 
Uppermost Silurian zone) amount to 40 species. 

No one has laboured more successfully than my old colleague General Hel- 
mersen in elaborating the true structure of Russia. Since I quitted that country 
he has thrown light on many parts which my associates and self had not time 
to explore, and has published a map containing some important additions to that 
which we produced in the work ^Russia and the Ural Mountains.’ He has 
also recently transmitted to me the following information ; — 

On the River Dniester, where my associates and self had inserted Silurian 
rocks upon our Map, M. Malemsey, a young student of the University of Kief, 
has discovered in limestone, shale, and sandstone, at Kamenetz, Kitaigorod, and 
other places in Podolia, a great number of fossils, which he has referred respec- 
tively to the formations of Llandeilo, Caradoc, Wenlock, and Ludlow. 

Not attempting to assign to each fossil its exact place in the British Silu- 
rian series, I simply give M. Malemsey’s list of the fossils which, as he sup- 
poses, represent the English formations, classing them as Lower and Upper Si- 
lurian specimens, and affixing to each a letter, as L. for Lower Silurian, U. 
for the Upper division, L. U. for those which occur in both deposits, and 
D. for Devonian : — 

Arnorphozoa . — Stromatopora polymorpha (u. and n.). 

Catlenterata {Zoop^a ), — Aoervidaria ananas, linn, (luxnrians, Eiohw.) (u.) ; ChsB- 
tetes Fletcheri, M.-Mward8 (u.); Coenites intertertus, Eichw. (u,); Cyathop^Uum 
articulatum, Wahl (l. u.) ; 0. ceratites, Goldf. (d.) ; C. flexuosiun, Linn, (u.) ; Q. qua- 
drigeminum, Goldf. (d.) ; 0. yermioulare, His. (articulatum, Wahl.) (l. v.) ; Favosites 
Gt^andioa, Linn. (l. u.) ; Fistulipora decipiens, M'Coy (u.) ; F. oribrosa, MUoy (u.) ; 
Halysites catenularius, Linn. (l. u.) ; Heliolites interstinctas, Linn. (l. u.) ; H. Mur- 
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chisoni, M.-Edw. (u.) ; Omphjma turbinatum, linn. (l. u.) ; Stenopora (Faroiites) 
fibrosa, M‘Coy (l. u.) ; Syrii^pora bifurcata, l^nsd. (u.J ; S. faacioalms, Idnn. (r.). 

EchinodeTTnata. — ^Actinocnnus nodulosus* (n.) ; Crotalocnnus mgosus, Miller (u.); 
Poteriocrinus (Bhodocrinus) quinquaneularis, l^ller (l.) ; P. Tenia, Miller (d.). 

Spirorbis. 

Crustacea : Trilchita . — Calymene Blumenbadhii, Brong. (l. u.) ; C. Baylei, Barr, 
(u.); CheiruruB insignis, Beyr. (u.); Dalmania (Phaoops) cauoata, Briin. (l. u.), 
Enorinnrus punctatus, Briin. (l. u.) ; Bmnaatus Bamenais, Murcb. (u.^ ; niaBnas Bou- 
ohardi, Barr, (u.); Proetus conoinnua, Dalm. (u.); Sphsarexochua mirua, B^. ^.). 
Phyllopoda . — ^Eurypterus tetragonophthalmua, Fischer (d.) : Leperditia Balthica, jftis. 
(u.1 ; L. phaaeolus. His. ^.). 

rolyzoa . — Ceriopora amnis, Ooldf. (u.) ; 0. granulosa, Qoldf. (u.). 

Again, in the eastern portion of the Government of St. Petersburg, M. Bock 
has observed that beyond the River Siass the upper beds consist of dolomitic 
limestone charged with Orthoceras duplex and O. regulare, lying upon a lime- 
stone with Orthoceras vaginatum. He infers that this band is of the same age 
as the rock between Narva and Revel, which alternates with the bituminous 
shale described by Helmersen in 1838. M. Bock believes that the limestone of 
the tracts east of St. Petersburg underwent a slight elevation soon after its for- 
mation, and was thus raised above the sea in which the Upper Silurian deposits 
of Oesel and Esthonia were accumulated. 

Devonian Bocks of Russia. — Deposits of this age are so very widely 
spread out in Russia as to extend over a region more spacious than the 
British Isles. This great extension is not, however, due to the thickness 
of the beds, but to their very slight inclination, and to their having been 
rarely disturbed. Though subjected to broad and very slight bends only, 
they occupy the chief part of the Valdai Hills, and rise into a broad dome 
near Orel, thus constituting the highest eminences of a comparatively 
low region. 

In addition to many Shells, some of them peculiar to the region, but others 
well known in strata of the same age in the limestones of Devonshire, in the 
Eifel, and some portions of the Devonian rocks of the Rhine and the Boulonnais, 
fossil Fishes occur in numerous localities, and strikingly characterize this deposit 
in Russia. Many of them, brought to England by myself, were shown by 
Agassiz to be identical with species of the Scottish Old Red Sandstone ; whilst, 
from a microscopic examination of their teeth, Owen proved that some belong 
to Dendrodus *, a genus of Sauroid Fishes equally characteristic of the North- 
British formation. Cephalaspis Lyellii and the Pteraspides, which, with the 
associated large Crustaceans (Pterygoti), characterize the lowest zone of Old 
Red Sandstone in England and Scotland, are, as before said, unknown in Russia 
— a zoological datum which is in perfect harmony with the physical break 
usually observed, whereby this band is omitted and the Fishes of the middle 
and upper portion of the Old Red series of Scotland lie in strata which repose 
transgressively on various members of the Silurian rocks. It may, however, be 
suggested that the uppermost Silurian beds in the Isle of Oesel, with Cepha- 
laspis verrucosus, exhibit a transition into the Devonian system. 

When the first edition of this work was published, the existence in Russia of 
Coccosteus, so characteristic of the central zone in the north of Scotland, 
was unknown; but since then, thanks to the labours of the late Dr. Pander, the 
comparison has been rendered still more striking, not only by the addition of that 

* * BuBsia-in-Sorope,' toI. i. p. 635. 
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remarkable fonn, but also of other well-known genera of the Caithness Flags — 
Osteolepis, Diploptems^ and Bipterus. The other Scottish forms, and even 
speciesi found by m 3 rself and companions, were, indeed, long ago identified by 
Agassiz and Owen as having their exact representatives in Bussia. Such are 
the great Asterolepis (Chelonichthys) Asmusii, Ag., and the smaller species A. 
minor, Ag., with Glyptosteus favosus, Ag., Bothriolepis omata, Eichw. (Glyp- 
tosteus reticulatus, Ag.), Holoplychius nobilissimus, Ag., Dendrodus strigatus, 
Owen, D. biporcatus, Owen, Cricodus incurvus, Ag. (Dendrodus, Owen), Pte- 
richthys major, Ag., &c. *, — all belonging to the central portion of the deposit 
in Scotland t (see also p. 262). 

When my colleagues and myself explored Russia, the connexion between the 
character of the fossils and the nature of the matrix in which they are im- 
bedded was more pointedly brought before us in our range over that vast 
Empire than in any other region with which we were acquainted. In Oour- 
land, Livonia, and the Baltic Governments, as well as in the great central dome- 
like region of Orel, to which the formation extends, and where it has since been 
examined and ably described by General Helmersen, finely laminated limestones 
alternate with, and are subordinate to, great masses of sand, marl, and flagstone ; 
and whilst in the calcareous courses Mollusks prevail, mixed with remains of 
Fishes, the latter are found most generally in sandy and marly beds. In tracing 
these rocks from the Baltic Provinces to the White Sea and Archangel, the lime- 
stones thin out, and the group is there represented only by sands and marls. 

Accordingly we find that where the Russian rocks have the sandy character 
of the Old Red Sandstone which in Scotland and a large part of England re- 
presents the Devonian group in the British Isles, they are exclusively tenanted by 
Fishes, — a remarkable proof of the accordance between the lithological character 
and organic contents of rocks of the same age in distant countries. 

Another and not less remarkable fact brought out by the survey of Russia is 
that the species of fossil Fishes well known in the middle and upper portions 
of the Old Red of Scotland, and which in large tracts of Russia lie alone in 
sandstone, are in many other places found intermixed in the same bed with 
those Shells that characterize the group in its slaty and calcareous form in De- 
vonshire, the Rhenish country, and the Boulonnais. This phenomenon, first 
brought to light in the work on Russia by myself and colleagues, demonstrates 
more than any other the identity of deposits of this age, so different in litholo- 
gical aspect, in Devonshire on the one hand, and in central England and Scotland 
on the other. The fact of this intermixture completely puts an end to all dispute 
respecting the exact correlation of the chief masses of the Old Red Sandstone 
of Scotland with the calcareous deposits of Devonshire, the Eifel, and the 
Rhenish Provinces. As this circumstance had been slightingly spoken of, I 
wrote to my colleague, Helmersen, to enable me to reassert the fact on his own 
knowledge, and he assured me that this intermixture of Fishes and Mollusks 
is visible in numerous parts of Russia, and that any person who may be scep- 
tical has only to visit the Museum of the Imperial School of Mines to see 

* * BoMia-m-Eiirope/ vol. L p. 40, and fig. termed Asterolepis by Eiobwald. (See, howeyer, 
p. 636. Sir P. Egerton's remarks on the subject in the 

t Thegreat work of Pander is a dngnlarly valu- Quart. Juum. G-eol. Soc. vol. xvi. p. 122.) 
able contribution to Falichthyology. The author M. Pander had evidently studi^ a great num> 
edicts M'Coy's term of * Plaooderms ’ to denote a ber of specimens of Asterolepis (Pterionthys) and 
fsm^y composed of tiie genera Asterolepis, Eioh- Coooosteus with extreme care. He gives restora- 
waid, Coooosteus, jU[., Homosteus and Heteros- tions of each, and figures of all their separate 
teus Asmus, and C^elyophoms, Ag. The Aste- parts, which are of veiy great value to the pales* 
Iwwever, is not the A^rolepis of Hugh ontologist: while bis laborious attempt to unravel 
latter, Asmus^s name Homosteus the complexities of the mmonymy of these Fishes 
na^e priori^, aocordii^ to Pander; while the is worthy of all praise. 

Pteriohwiys ci Agassis is that which was first 
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in tlie same hand-spedmens frequent examples of typical Devonian MoUosca 
together with Old Bed Ichthyolites like those of Scotland*. 

A similar intermixture has indeed been since recognized^ to some extent, in 
the Devonian rocks of South England, the Eifel, and the Harz, and also in North 
America. 

The progress of research had enabled M. Kutorga to divide the Devonian 
rocks of a part of Russia into three stages, in the ascending order — of clay and 
marl with Lingula bicarinata, compact sandstone with many Ichthyolites, and 
argillaceous limestone with many Brachiopods. M. Pander, in the notice pre- 
viously referred to, has even shown that the highest of these beds is covered by 
other sandy strata, in which fossil Pishes of the Devonian epoch equally abound. 

This author also distinguishes three stages in the Devonian rocks of Russia. 
The lowest consists of sandstones and shale, with those Ichthyolites which 
abound in the north of Livonia and the environs of Dorpat and Tellin : these 
are the Fishes which Asmus made known, and which Pander described in his 
First Fasciculus as Devonian Placoderms. In these beds Shells are rare j but 
the Lingula does occur, and its presence alone clearly shows that the associated 
Fishes were also inhabitants of the sea. These strata contain the same Fishes 
as the Caithness beds of the North of Scotland. The next stage, consisting of 
limestones, both dolomitic and simple, and of shales, is laden with marine Mol- 
lusca, which are mixed up in the same beds with various Ichthyolites, and ex- 
tend over wide spaces. In this zone, as General Helmersen informs me, Pro- 
ductus productoides, Terebratula Livonica, Spirifer Archiaci, Sp. Anosoffi, and 
many other Shells, with Corals and Encrinites, are often commingled with re- 
mains of Holoptychius nobilissimus, and numerous bones and plates of other 
Fishes which Pander has described. This is manifestly one of the stages of the 
Old Red Sandstone of Scotland, the Holoptychius and other Fish-remains of 
which are thus proved to be of marine origin. 

The third and highest stage, consisting of reddish sands, occasionally with 
green marls, seems to be simply an upward continuation of the band below it, 
and contains also some of the same Holoptychius with other Fish-remains. 

In the more southern tracts near Voroneje f? it was shown, by myself and 
associates (and the phenomenon is now known to prevail in many other tracta), 
that many species of marine Brachiopods were commingled with Fishes in one 
and the same marly stratum. It follows, therefore, that the minute distinctions, 
lithological and organic, traceable in one district are not applicable to another, 
and that the limestones are mere local deposits in a great arenaceous and marly 
series of strata ; whilst, on the whole, the identification of the group with its 
equivalents in other parts of the world has been established in the clearest 
manner by means of the fossil contents. 

Reposing, as a whole, on the Uppermost Silurian in Esthonia, and on Lower Si- 
lurian in the Government of St. Petersburg, the upper members of these Devonian 
strata are in numberless places overlain conformably by, and pass up into. Car- 
boniferous Limestone. In some tracts the strata consist of flag-like shelly 
limestones and marls, in others of sandstones both soft and hai*d, which range 
over extensive northern districts to the banks of the Lake of Onega and the 
shores of the White Sea. 

* I can also cjite with satisfaction another eon- my portionlar attention on aooonnt of their Fishes ; 
flrmation of my views, as eonveyed in a letter I for by these remains, together with the oharao- 
reoeived from so high an authority as Pander, teristio Braohiopoda and Aoephala, the agreement 
who wrote thus “The Devonian rooks, which of the rooks of this system in Bnssia ana Britain 
are so clearly described in your work that one is shown in the clearest way.*’— April 1858, 
could almost W them in the dark, have attracted t ‘ Eussia-in-Europe,* p. 60. 
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In certain parts^ as in the Valdai Hills; the upper beds (represented in the 
following woodcut) are red end green marls^ containing several of the above- 
named fossil Fishes of the Old Red Sandstone of Scotland^ the whole 
being covered by Carboniferous Limestone with its usual fossils^ including many 
Ptoducti, 

Ravinb op the Belaia in the Valdai Hills. 

(From * Russia-in-Europe/ p. 46.) 


The lower beds, a, 6, c, /, 
consist of various sands and 
marls, in which Ichthyolites are 
disseminated ; but the bed is a 
complete congeries ofFish-bones, 
^ surmounted by a copious mass of 

^*®d, white, and green marls, 
f i Then follow bituminous schists, 
|i g, h, i, with courses of bad coal, 
constituting the bottom beds of 
'zz'r^ the Carboniferous deposits; and 
after other alternations of sands 
and marls, k, I, they are followed 
by the Carboniferous Limestone, 
= m,n, with many characteristic 

- •= — rr-- a fossils, including even species 

which are well known in Britain, 

such as Froductus hemisphsericus, P. punctatus, and P. semireticulatus. 




In the distant re^on of the Petschora, Count Keyserling obtained satisfactory 
evidence that certain beds charged with Goniatites are inferior to all the other 
Devonian strata of Russia j whilst, as we shall presently see, the chief Goniatite- 
deposit on the banks of the Rhine is underlain by fossiliferous limestone and 
sandstones of great thickness, which there constitute the central and lower mem- 
bers of the Devonian series. 

It seems, indeed, almost certain that there is in Russia no known equivalent 
of the ^Systeme RhCnan ^ of Dumont, or great ^ Spiriferen-Sandstein,^ which forms 
the fossiliferous base of the Devonian rocks of the Rhine*. This inference, 
indeed, is sustained by the fact that the Upper Silurian of Russia is nowhere sur- 
mounted by that band (charged with Cephalaspis and Pteraspis) which consti- 
tutes the lowest member of the Old Red Sandstone of Britain, of the lowest rocks 
of North Devon, and which I consider to be the exact equivalent of the Spiri- 
fer-Sandstone of Coblentz on the Rhine. That the Devonian rocks of Russia 
are completely independent of the Silurian, is therefore demonstrated both by 
their peculiar fauna, and by their reposing in one tract on Upper, in another 
on Lower Silurian rocks, as demonstrated by Helmersenf, Kutorga, Schmidt, 
and others. 

In Poland also, with my associates, I traced true Devonian rocks at and 
around Eielce, to the south of Warsaw, with limestones and many characteristic 
fossils J. These rocks are there followed, on the west, by Carboniferous Lime- 
stones and the thidi-bedded Coal-seams which extend from Russian Poland 
into the productive Silesian Coal-field of Prussia. 

* Aooordixiff to M. Barrande, GoniatiteB occur T Bee * Bussia-in-Europe/ vol. i. p. 39. Whilst 
in the Upper Silurian of Bohemia. this edition is printi^ I have received a memoir 

t lu addition to Helmersen's survey of the De« on the fossils of this Devonian group at Kieloe by 
vonianrocks, which extend so largely throughout my old associate in the Caroathian mountains, 
Centi^ BuMia, the late M. Baimnnd Facht also Prof Zeuschner of Warsaw (verhandl. Kais. Min. 
desmbedj in aome detail, the nature of these Gesells. 2te Ser. vol. i. St Petersburg, 186^. He 
roo^ and a rortion of their fossils, as they occur enumerates twenty species of fossils, all of which 
in Livonia (Devonisohe Ealk in Lievland. Dtfr> are known Devonian forms, 
pm^ 1S49). 
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Carboniferous Bocks of Russia , — Of the Carboniferous group^ as exhibited in 
Russia-in-Europe, it is enough to say that its lowest members only are there 
well developed. In the small section above given (p. 364), we see beds of Car- 
boniferous Limestone with traces of coal lying immediately on the red and green 
rocks with Devonian Fishes. To the north-east, or on the Andoma River in the 
Government of Olonetz, the calcareous members of this division swell out ; but 
even the few thin seams of poor coal above mentioned disappear and are repre- 
sented by one course of black and very slightly bituminous shale. 

Near Moscow, efforts have been made to reach coal by boring through the 
superjacent Jurassic rocks (Oxfordian), which there cover the Carboniferous 
Limestone ; but, according to Helmersen, no coal was detected at a depth of 490 
feet. Ranging from Moscow by Serpuchof to Tula and Kaluga, where the Car- 
boniferous Limestone again comes out to the surface, seams of poor coal have 
been partially worked at Serpuchof and other places enumerated by Helmersen ; 
but they are of slight value only *. In the southern region of the Donetz, how- 
ever, between the Don and the Dnieper, where these lower strata reappear, 
the coal-seams are of much larger dimensions, and several of them are of much 
better quality. They are there all interstratified with beds of Carboniferous 
Limestone, like the Scotch coal-fields (p. 293). 

In the last tract, however, that horizontality of the Palaeozoic strata in the 
northern parts of this vast country, which would have rendered the coal-beds 
highly valuable, no longer exists. The limestone, sandstone, and shale, with 
the coal, have here been violently extruded to the surface through a cover of sur- 
rounding Permian, Jurassic, and Cretaceous deposits, and, being very highly 
dislocated, are consequently difficult and expensive to work. 

But if the Imperial Government should open out deep shafts, as I long ago sug- 
gested, by sinking through the secondary rocks to the east of the River Donetz t, 
the good beds of coal which she possesses in the south may be found to lie in valu- 
able and regular masses beneath the unbroken and surrounding Secondary rocks. 

Some of the grandest examples of the Carboniferous Limestones of Russia are 
to be seen on the banks of the Volga, near Syzran, the bend which that mighty 
river makes, as delineated on all maps, being caused by lofty cliffi of those rocks, 
which frown over the low region on the east. There, thick beds, containing 
numerous fossil species common to this division in many quarters of the globe, 
are laden with the small Fusulinse, first noticed by Pallas, which are remarkable 
in being among the oldest of the Foraminifers, — ^the Fusulina being in truth a 
prototype of the Nummulite, which became abundant so long afterwards in the 
Tertiary deposits. No coal-seams, however, have been detected in these rocks. 

Other and not less gorgeous masses of the same limestone are displayed on 
the western fiank of the Ural Mountains, where they are united conformably in 
numerous imdulations with imderlying limestones containing Devonian fossils. 
Not repeating sketches which are given in another work, I would refer the reader 
to the woodcut at p. 366, in which masses both of Devonian and Carboniferous 
Limestone are seen in intimate connexion, but much dislocated at this spot, in 
the gorge of the River Tchussovaya on the western edge of the Ural Mountains. 

* HelmetBen, * Ueber die Bobrarbeiten auf left bank of the Doneta, through some of those 
Bteinkohle bei Moskau imd Serpuchow/ flanking horizontal Secondary formations, not 

langes Phys. et Chim. : Petersburg, 1856. See also distant from the edge of the up-oast ai^ dialo- 
Hemersen's recent work, ‘ G-isements de oharbon oated coal-field. (See ‘ Bussi^in-Burope/ p. 118 
de terre en Bussie : ' Bt-P^tersbourg, 1866. «t seq.) I called the attention of the present 

t In the work onBussia I suggested that, if the Emperor to this important subject when I had 
Imperial Government should m&e trials for what the honour of an interview with his Imperial 
may very probably prove to be a valuable andun- Majesty at Darmstadt in 1867y and when I pre- 
broken ooal-fleld, sinkings should be made on the sented sections illustrating my opinioii. 
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The clearest proofs are thus exhibited (the two formations being quite con- 
formable) that the portion of the series which is yery slightly coal-bearing in 



Devonian and Carboniferous Bocks in the Gorge of the Tchusbovaya Biyer 
(West Flank op the Ural Mountains). 

(Prom * Bussia-in-Europe and the Ural Mountains,’ vol. i. p. 386). 

Central Kussia^ and much more so on the DonetZ; is entirely wanting on the 
flanks of the Ural. 

These Carboniferous Limestones, everywhere more or less characterized by 
their Producti, are overlain along the western edge of the Ural chain by sand- 
stones and grits which occupy much the same place in the general series as the 
Millstone-grit of England. In that region, indeed, coal has been worked on 
the banks of small affluents of the Tchussovaya *, near Ust Coiva and other places, 
in a representative of the MUlstone-grit (see * Russia-in-Europe,’ vol. i. p. 126). 

In Russia, however, these strata are often more calcareous, and contain Go- 
niatites. They constitute the uppermost bands of the Carboniferous group, 
properly so called, in the vast territory between the Volga and the Ural Moun- 
tains, where they are seen in many localities to be at once succeeded by the 
Permian deposits before described. These, the highest Carboniferous beds in 
Russia, contain only at intervals thin coal-seams ; and the great Upper Coal- 
measures of England have no representative in the Russian Empire. 

* l^om the reoent writings of Helmersen it appears that these coal-beds have been much open^ 
ont since 1 visited these tracts, and that the minem has been discovered at various places along the 
upper fl ank s of the Carboniferous Limestone on the Tchussovaya. 
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In making these brief observations on the Carboniferons deporits of 
Bussia^ and in referring to the details given in * Bnssia and the Ural 
Moiintains/ I wish my readers to understand that, as it was my painful 
task to acquaint my kind friend and patron, the late Emperor Nicholas, 
with the important but disagreeable fact that all Northern Bussia must ever 
be exempt from coal, inasmuch as the rocks which there rise to the sur- 
face are of an age anterior to the oldest formations in which coal exists, it 
was at the same time a pleasing duty to hold out a dijfferent prospect for the 
southern part of his great Empire. Thus I could well declare that there 
the very same limestones which are so poor in coal near Moscow assume 
rich coal-bearing qualities as they roll over southwards in great undula- 
tions beneath the Secondary formations, as proved by the outcrop of rich 
masses on the Donetz. Knowing, further, that this phenomenon extended 
even to Eregli, at the south end of the Black Sea, I naturally impressed 
upon the Imperial Government the high probability, if not almost certainty, 
of finding large undisturbed coal-fields beneath the horizontal Secondary 
rocks that occupy the fiat and undulating steppes to the east of the Biver 
Donetz. (See ‘ Bussia-in Europe,’ vol. i. p. 118.) 

In stating that identical formations have very dissimilar mineralogical 
characters in tracts distant from each other, we have only to point to dif- 
ferent parts of the vast Bussian Empire itself. Thus, whilst the soft Lower 
Silurian clays and sands of St. Petersburg have their equivalents in the 
hard schists and quartz-rocks with gold-veins in the heart of the Ural 
Mountains, the equally soft red and green Devonian marls of the Valdai 
Hills are represented on the western fiank of that chain by hard, contorted, 
and fractured limestones, as in the preceding sketch, made in the gorge of 
the Tchussovaya. 

The deposits of Silurian, Devonian, and Carboniferous age which have 
remained spread out in wide, horizontal, and slightly broken masses over 
Bussia-in-Europe, have, we have seen, been so thrown up in the Ural 
Mountains as to constitute metamorphosed and highly mineralized rocks, 
out of whose debris the Permian deposits were formed. Other views 
given in a subsequent Chapter on the auriferous rocks will realize to the 
eye the condition of the more central and completely altered rocks of that 
chain. In the meantime it may be stated that hard and crystalline, or 
slaty Palaeozoic strata, associated with numerous erupted porphyries and 
greenstones, form the nuclei of all the mountainous ridges in Siberia, 
whether in the lofty Altai on the south-east, where some of them have 
been well described by M. Pierre de Tchihatchef *, or in those hills which 
form separating barriers between the great rivers Ob, Jenissei, and Lena, 
and extend to the Sea of Ochotsk and Behring’s Straits on the north-east. 
These phenomena, indeed, have been further traced over vast regions of 

* See the magnifioont work* ‘L* Altai Orientale,’ of M. Pierre de Tohihatohef. Some BeTonian 
fouils have been found near Lake Baikal. 
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Mongolia^ the Eirghis Steppes, and the borders of Chinese Tartary and 
Central Asia, by that enterprising explorer and skilful artist, the late T. W. 
Atidnson, who leads ns to believe that, in addition to the numerous eruptive 
rooks of ancient geological date, subaerial volcanos must have existed in 
parts of this wild, extraordinary, and hitherto unexplored rocky region ♦. 

Grand, therefore, as is the spread of soft and slightly coherent primeval 
rocks throughout Bussia-in-Europe, the hard stony tracts of this age 
which extend over the Asiatic regions of the same great Empire are much 
more extensive. 

Bestricting our view to Bussia-in-Europe, we see fossiliferous Silurian 
and Devonian rocks rise partially to the surface in the southern provinces 
of Podolia^ on the banks of the Dnieper ; and although no rocks of such 
high antiquity have yet been detected in the Caucasian mountains, Devo- 
nian rocks reoccur in the same latitude near Constantinople t, and have 
been recognized by Tchihatcheff in several parts of Asia Minor to the 
south of the Black Sea and are also traced even to the southern flanks 
of Mount Ararat, and thence eastwards into Persia §. 

Looking, therefore, to the most ancient crystalline rocks of Borthem 
Scandinavia, which probably represent both the Laurentian and Cambrian 
rocks of Britain and other countries, we know that they have been over- 
lapped successively by those Silurian, Devonian, Carboniferous, and Permian 
strata which occupy an enormous region in Bussia. The discovery at Spitz- 
bergen of at least one Permian fossil, identified by Mr. Salter ||, shows 
how widely spread were all these primeval deposits, and how they must 
have been successively accumulated around a nucleus of preexisting 
crystalline rocks. 


See Atkinson’s ‘ Oriental and Western Sibe- 
ria,' 1858. 

t See Hamilton and Strickland; Free. Geol. 
Soc. Lond. Tol. ii. p. 437. The Turkish fossils are 
of the oldest Devonian a^e, and represent the 
Bpirifer -schist and sandstone of the Rhine, which, 
as well as their equivalent the Lower Old Bed 
Sandstone of Scotland, are wanting in Bussia. 

I Bull. Boo. Gdol. France, 2 ser. voL vii. p. 389. 
My enterprising friend Pierre de Tohihatcheif, 
who has for the ninth time explored Asia Minor, 
visiting tracts which were previously blanks on 
All miiq>8, exhibited his new geological map of 
the whole region to the British Association at the 
HottinghamMeeting, 1866. Large tracts of meta- 
morpme rooks which underlie true Devonian rocks 
will, I antiripate, prove to be of Silurian age. 

$ Abich, i^art. Joum. GeoL Boo. Lond. 1846, 
voL ii. 2ndpt.p. 96; and * Bussia wd the Ural 
Mountains.'^vor. L p. 652. Prof. Abich also found 
Carboniferous Limestones everywhere overlying 
these Devonian rooks, and characterized, too, by 
a small Fnauli^ of a species distinct from that 
found in Bussia. The memoir he has published, 
and particularly a large work which, I rejoice 
to th^, he is now preparing, under the auspices 
of the Bussian Government^ must throw i^eat 
light on the physioal structure of the whole chain 
of the Caucasus. In a memoir received when 
the last edition was coming out, M. Abich 
offered several critiosl rmarks on the Map 


of Europe completed by M. Dumont shortly be- 
fore his death, showing errata of considerable 
magnitude in relation to the Caucasian region, 
most of which pertain to rocks of Secondary and 
Tertiary age, not treated of in this work. He 
stated, moreover, that the violet colour which re- 
presents the Lower Devonian (‘ Bh^nan’ of Du- 
mont) must be struck out as regards the tract 
lying between 88° and 47° E. long., all that 
oountiy being ooc^ied by very old rooks and 
crystalline slates, in truth, however, the Map of 
Dumon^ one half of which is taken from the Map 
of Kussia-in-Europe and the Ural Mountains by 
myself and associates, must not be judged by 
such ultra-Eurc^ean inaccuracies. Although the 
olassifioation of the stratified rocks by my late 
distinguished friend dififers from that which I 
adopt, 1 much admire the clearness and beauty of 
his work. For my own Geological Map of Eu- 
rope (JohnstoiOi published with the assistance 
of Frof.Nicol, 1 claim more indulgence from my 
friends, as it was hastily issued, and contains 
manv errors of detail, and is now much behind 
the knowledge of the day. In extending his ob- 
servations to the eastward, M. Hommaire de Hell 
discovered Devonian rocks in Persia, where they 
form the axis of the Elburz chain and the southern 
slopes of the mountains of Tohihennene, and ore 
highly fossiliferous in the valley of Tuva. (Bull. 
Soc. Gdol. Ft. vol. viL p. 600.) 

II Quajrt. Joum. Geol. Soc. voL ivi. pp. 440, 441. 
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CHAPTER XV. 

PRIMEVAL STOOBSSIOB IN GBBMANY. 

* GBKSELAL SKETCH OF THE CHARACTER OF THE OLDER ROCKS EXTENDING WESTWARDS FROM 
TURKEY-IN-BUEOPB INTO THE CARPATHIANS AND ALPS. — DEVONIAN AND CARBONIFEROUS 
BOCKS OF POLAND) SILESIA, AND MORAVIA. — LAURENTIAN, CAMBRIAN, AND SILURIAN 
ROCKS OP BOHEMIA AND BAVARIA. — SILURIAN, DEVONIAN, AND CARBONIFEROUS ROCKS OF 
SAXONY, THE THURINOERWALD, ETC. 


Whilst the general order of the older strata is clearly exposed in that 
larger portion of Kussia-in-Europe which has from the remotest antiquity 
been exempted from the intrusion of every description of plutonic or vol- 
canic rocks, we no sooner pass to the south-west and enter the Danubian 
and Turkish Provinces, than we meet with masses more or less crystalline, 
which, like those of the Ural Mountains and Siberia, have been penetrated 
at various localities by igneous matter. These extend from the Balkan 
into the ranges of Thrace and Transylvania on the one hand, and into the 
Ca^athians on the other ; but they have as yet been so little examined in 
detail as to leave us in ignorance of the extent to which a Palaeozoic classi- 
fication can be applied to them. From the travels of Bou^, Yisquenel, 
Warington Smyth, and others, it is known, however, that these rocks are 
usually so crystalline as to afford few spots like those near Constanti- 
nople, just alluded to, where the palaeontologist can expect to observe even 
a few rare fossils. 

When, however, we reach the Eastern or Austrian Alps, we find that, 
although most of the older strata forming a great portion of those moun- 
tains have been metamorphosed, there are certain ‘ oases,’ at wide intervals, 
indicative of a succession similar to that which we have been following 
through other countries. Thus, in the ridge south of Werfen, in the 
Salzburg tract, Orthocerata, Orthid®, Cardiol®, and other fossils have been 
detected, marking a remnant of a true Silurian zone, the chief mass of 
which is in a crystalline state. In the Styrian Alps near Gratz, certain 
grey schists and calcareous flagstones contain many Devonian fossils ; and 
similar rocks have there been traced through a district of some extent. 

Near Bleiberg, in the Carinthian portion of the Eastern Alps, is a limestone 
with large Producti which is of Carboniferous age ; whilst in various parts of 
the Western Alps the rocks contain courses of anthracite associated with 
Plants of the same era. On the whole, however, it may be said that, in nearly 
all the countries extending over the southern regions of Germany, the dear 
separation of the Pal»ozoic rocks, which can be easily effected in many other 
pf^ of Europe, is impracticable. This is doubtless owing, in great measure. 
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to numerous mutations of structure^ as well as to the dislocations and inversions 
which all the rocks have there undergone^ from the Silurian to the Tertiary 
inclusive. 

When, however, we travel westward in a more northern parallel, and pass 
from the central provinces of Russia into Poland, Prussia, and the northern 
states of Austria, we find that, although the Palaeozoic rocks of those regions 
have no longer the wholly unaltered facies which they presented to us on the 
banks of the Neva, the Volga, and the Dwina, and though, unlike their Russian 
equivalents, they have been penetrated by many eruptive rocks, yet they 
contain numerous examples of order and where the normal relations maybe 
clearly observed. 

In Poland, and in many low districts of Northern Germany, so widely spread 
are the younger Secondary and Tertiary deposits that the rocks under conside- 
ration rise only in small patches to the surface. Thus, around Kielce*, to the 
south of Warsaw, as before said, Devonian rocks emerge, charged with many 
characteristic fossils, and are followed by Carboniferous Limestone and coal- 
seams that range from Russian Poland into the Silesian coal-tracts of Prussia. 
Thence to the westward, rocks which have been classified as Silurian, Devonian, 
Carboniferous, and Permian occupy detached districts in Prussia, Saxony, the 
smaller states of Germany, large tracts in the northern territories of Austria 
(particularly in Bohemia), and also in parts of Moravia. 

In traversing the Riesengebbge to the south of Breslau, the geologist ac- 
quainted with the full development of the Palaeozoic rocks of other regions is 
struck with the comparative tenuity of the Devonian and Carboniferous deposits. 
In large portions of these mountains (the mineral characters of which have 
been examined in detail by Gustav Rose, whilst their geological distinc- 
tions have been explained by E. Beyrich) the strata of Silurian age have, for 
the most part, undergone a complete metamorphosis. They have indeed passed 
so generally into crystalline schist and marble, that fossils of the earlier era 
have very rarely rewarded the labours of the eminent men above mentioned, 
or of my old friends H. von Dechen and C. von Oeynhausen, who first explored 
that range. That these older crystalline strata are, however, the equivalents of 
the Silurian rocks is certain, because they have been found to contain Graptolites, 
and are clearly surmounted by limestone charged with many Devonian forms. 
In the district of Waldenburg, south of Breslau, and at Silberberg, to the north 
of Glatz, the Devonian limestone, having a thickness of 50 to ^ feet only, is 
charged with Clymenise and many other typical fossils. It is covered by an 
overlying limestone of no greater vertical dimensions, laden with large Pro- 
duct! and several other shells well known in the Mountain-limestone of Britain t» 
especially those of the Lower Carboniferous zone, the two beds being separated 
by thin strata of schist. This Carboniferous Limestone is overlain by roc^ occu- 
pying the place of the Millstone-grit of English geologists, and which, assuming 
veiy much the same mineral characters as the rocks whereon they repose (being 
also perfectly conformable with them), were in old times confounded with 
the then undefined ^grauwack^.' It is in this portion of the series, namely in 
the schists and sandstones associated with the Carboniferous Limestone, that 
several of those Plants have been found which Professor Goppert formerly de- 
scribed as of ^ transition age* (Calamites transitionis &c.). Above these schists 

* Bee ‘ Bnsna in-Bturope/ toI. i. p. 39. mena analoga, St. oreniutria (var.), Spirifer line- 

t At one spot, Balkenoerg, I oolleoted in the atas« Bp. pingiiis. Bp. glaber, with a minute Phil- 
Carboniferous Limeitone the following foaailB — Upsia, a snuJl Orthoceras, and seyeral speoies of 
Prodootna gigaa, P. semiretionlatnB, Stropho- Corali. 
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and sandstones come the small 


productive coal-fields of Waldenbuig, succeeded 
I l-f.l ^ copious development of red rocks 


B. Beraan. 
Skrey. - 


Drabow 

Mountains.^ 


Colomr 
(Fossils of 


Colony 

(Fossils of E.)... 


BrdiWald^ 
Mountains. * 


Ginetz. - 
B. Litawka. 


2 Frzibram. 


(Roth-liegende), grouped many years 
||| ago by me with Permian deposits, and 
" which have already been described (pp. 
" jr 814 &c.)*. 

1 1 Again, in Moravia t the order of the 
* I older Palaeozoic deposits is very analo- 
IId gous to that which prevails in Silesia, 
r «-« § There I have observed crystalline schists 

(g'l and limestone, representingSilurianfor- 

■ * rf mations, followed by masses of lime- 

I stone which at Rittberg and other 

I places around Olmutz are charged with 

•gc Devonian fossils. Some of the strata, 
® 8 in tracts that I have not seen, are re- 
'l ferred to the Carboniferous era. The 
crystalline rocks which range thence, 
'I or from the Sudeten Mountains into 
I the Bohmerwald-Gebirge, and have 

I' been generally described by Partsch t, 

Heinrichs, and others, consist of gneiss, 

...® mica-schist, chlorite-schist, and hom- 

■i fe Wendic slates, with saccharoid lime- 
j 2 1 1 stones, the whole being penetrated by 
I granite, syenite, greenstone, serpentine, 

I 2 |[2'§ Although portions of these vast 
J I® masses may probably represent the Si- 
^ lurian series, the greater part of the 
schistose rocks (including limestones) 
in which fossils have been detected are 
J clearly of Devonian age, as has been 
^ I elsewhere shown §. 

Silurian and subfacent Hocks of Bo~ 
hernia and Bavaria. — ^If the traveller has 
I worked his way round from Britain 

I ^ o § through Scandinavia and Russia into 
^ North-eastern Germany, and has there 
lost the clue whereby he could have 

identified the lower crystalline schists 

o J and limestones of Silesia and Moravia 

.. ® with their representatives in the west- 

^ em, northern, and eastern regions of 
Europe, he will indeed be rejoiced 

V * Bee ‘ Bussia-in-Europe and the Ural Moaii> 

-g tS & tains,' Tol. i. p. 200. I examined this tract al<me, 

2 I in ttie year 1844. 

” t ‘Uebersioht der Geoloeie von Mtthren 
und Osterr. Schlesien Wien, 1^2 (with a Map). 

I Jahrb. k.-k. eeol. Beichsanstalt, voL i. 1861, 

$ See Edinb. K P. J. 1847, p. 66, and * Devo- 

*0 . 4 nische Formation in Milhrep,* Leonh. K. Jahrb. 

H jE i. 1841. The observations were made, oozgointly 
•9 I b H colleagues von Keyserling and de 

S ^ Yemeuil, in the year 1847. 


9 
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when he enters upon the territoiy around Prague^ and there sees^ under the 
guidance of my eminent friend M. BarrandO; a most complete and symmetrical 
exposure of the whole Silurian System, whether as respects the clear order of 
the strata, or a vast abundance of organic remains. 

The geologist who would form an adequate idea of the relations of this 
^Bassin Silurien,’ so admirably developed by that author, must traverse the 
tract as I have done with him, from Przibram and Ginetz on the south-east, to 
Skrey on the north-west, or visit the environs of Beraun. He will then at once 
recognize the truthfulness and accuracy of the divisions which have been esta- 
blished after a most indefatigable and persevering study of the rocks and their 
organic remains during the last twenty-seven years. The simple and regular form 
of this basin, and the order in which its concentric deposits are arranged, have 
enabled its first true explorer to ascertain the existence of three characteristic 
faunas, containing eight local stages, into which Barrande divides what he has 
there^proved to be the ^ Silurian System.’ (See the preceding diagram*.) 

Just as in the British Isles, the lowest fossil-bearing strata, c of the section, 
repose on vast masses of conglomerates, grits, and crystalline schists, b, a. These, 
which are of Cambrian age, rest upon gneiss and granitic rocks, which, in 1862, 1 
classed as Laurentian. The argillaceous schists, c, the lowest in which fossils 
occur, contain Barrande’s ‘Faune Primordiale.’ This ^Primordial’ Silurian 
fauna is specially characterized by Trilobites of the genera Paradoxides, Cono- 
cephalus, EUipsocephalus, Sao, and Agnostus; and it also contains a rare 
Orthis, a few Cystidea, and some species of Pteropods belonging to the genus 
Theca. According to the opinion of M. Barrande, in which I entirely agree, this 
zone is represented (as before said, pp. 40, 45, &c.) by the rocks containing Lin- 
gula, Agnostus, Conocephalus, and Paradoxides in North and South Wales, and 
also by those which in the south-west flank of the Malvern Hills contain the 
Olenus ; whilst, as has already been noted, Olenus, together with Paradoxides and 
Agnostus, are typical of the lowest band in which animals have yet been found 
in Norway (see p. 349, 2nd section : this zone represents also the Alum-slates, 
or ^ Kegiones A, B’ of Angelin). The laige species of Paradoxides in Bohemia 
also belong to the same * Primordial ’ group. To the same epoch must also be 
referred the similar forms which have been described, by Dr. Dale Owen, Pro- 
fessor W. Rogers, and others, as characterizing the lowest Silurian rocks of the 
eastern coast of North America. 

On reexamining, in 1862, the crystalline rocks which form the central nu- 
cleus of Germany in Bohemia and Bavaria, I could scarcely fail to perceive that, 
just as in the north-west of Scotland, they there formed a true representative 
of the Laurentian System, as proved by infraposition. In fact I reentered that 
region already disposed to believe that this equivalent was to be recognized 
in the gneiss and granite described by Barrande as underlying his general 
ascending series. 

In exploring the Bavarian or western portion of this ancient chain, I was also 
furnished with the instructive geological map of Dr. C. Gumbel of Munich ; and 
with that in hand, it at once seemed to me that the ascending order from a 

* Thoiuh the oonoliudons are stated briefly in key he conld not direct his workmen, M. Bar- 
the text, 1 most be allowed to say that they could rande mastered the difficulty, and made himself 
have been urired at only throivh intense labour a Bohemian scholar in order to become a thorough 
and unwearied research, as well as by the liberal geological expounder of these rooks. His Silurian 
employment of Bohemian workmen. The last ooUeotions are oertunly more interesting than 
twenty-seTen years have been occupied in un- those ever made before by any one individual; 
ravelhng this smuid and rich Silurian fauna. To whilst the evidences of faithful scrutiny and of a 
l^rsons the acquisition of the Bohemian or philosophical spirit which pervade all the jpages 
‘ Cseok’ language might have been an insur- of his great work are, I know, duly appreciated 
mo u n table barrier ; but, finding that without this by every geologist and naturalist. 
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fundamental gneiss upwards was the same as in North America and North 
Britain. Hence^ on my return^ I announced to my colleagues in England that 
the two great zones of rock which Dr, Giimbel named ^he Bojic (or Bayarian) 
and the Hercynian Gneiss seemed to me to constitute one great system of enor- 
mous thickness, and that, judging from the overlying formations, it must be 
truly Laurentian *. 

In fact these gneiss rocks in Bavaria are separated from the * Primordial Zone ’ 
(fitage c) of Barrande, or true base of the Silurian strata, in the first place by 
large masses of micaceous and chloritic schists with quartzites, and next by a 
very great thickness of clay-slate (Ur-Thon-Schiefer), which is directly followed 
by the * Primordial ' Silurian zone. This position necessarily places these 
schists and slates (Stages a and b) precisely in the same stratigraphical arrange- 
ment as the British Cambrian of the preceing pages,. 

In the following year Dr. Giimbel discovered Eozoon Canadense in the 
marbles of the band of gneiss which he considers to be the younger (but 
which is also according to him analogous to the older) Laurentian of Logan, 
and thus he completed the proofe of the age of these gneissic deposits. 
With them, indeed, he classes the overlying micaceous and chloritic schists 
as also Laurentian. Judging, however, of these rocks by comparison with our 
British series of like age, I am of opinion that they are simply the meta- 
morphosed portions of the Cambrian or slaty rocks which in Bavaria, as in 
Anglesea and North Wales, have been altered by the protrusion of granite. 
However that may be, it is in the clay-slates, which underlie everything of 
Silurian date, that Dr. C. Giimbel has detected another species of Foraminifer, 
which he has named Eozoon Bavaricum. Dr. A. Fritsch, of Prague, had 
already observed certain Annelide-tubes in the quartzose schists of the 
^ Etage A ’ of Barrande, near Prague t» 

Having for the last quarter of a century grouped the ‘ Primordial Zone ’ as the 
base of the Silurian System, I am greatly indebted to M. Barrande for the 
important evidence which substantiated the intimate connexion of that zone 
with the rest of the Silurian formations. 

Lying above all these enormous masses of clay-slate, the ^ Primordial Zone ’ f 
was discovered to the south of Hof, but presenting a remarkable agglomeration of 
fossils which, in the hands of M. Barrande, proved to be ordinary Lower Silurian 
types, but with a predominance of forms specially characteristic of the ^ Primor- 
dial Zone.’ Thus Calymene, Cheirurus, with Orthis and Cystidea of the Llan- 
deilo and Caradoc formations, were commingled with many Conocephali, Oleni, 
and LingulflB of the ‘ Primordial Zone.’ The true coexistence of those types (as 
M. Barrande himself showed me) in the same hand-specimens was to me, 
therefore, the most satisfactory proof I ever obtained that I had judged rightly, 
after many wide surveys, in classifying the ^Zone Primordiale/ or its equivalent 
the Lingula- and Conocephalus-flags of Wales, as the true base of the Silurian 
System of life. 

* See Quart. Joum. Gheol. Boo. vol. xiz. p. 359. fossilB broi^ht from the same place, which were 
t Q-eol. Mag. vol. iii. p. 431. noticed by Geinitz OVeratein. Grauwaoke-Forma- 

I The position of this band of the * Zone Pri- tion,' vol. ii. p. 25). In 1860 M. Bar^de urged ^e 
mordiale ’ was given by Professor Giimbel in a German geol<^*sts to explore the site and thereon 
section which I brought out in a memoir on the Professor Winh, of Hoi, made the collection in 
general succession in Bavaria from the Laurentian question, which he remitted to Dr. Giimbel, who 
gneiss up to the Devonian and Carboniferous rocks transmitted it to M. Bcurande for determination, 
of Hof (Quart. Joum. Geol. Boo. vol. xix. p. 354). In 1863 M. Barrande, in a note on the geology of 
The process by which this important pomt was the environs of Hof, explains these points inrela- 
establiwed was as follows In 1851 M. Barrande tion to the discoveries of Casiano di Prado in 
discovered fossils of this sone in the coUeotions of Spain (Bull. G^ol. Boc. France, vol. xx. p. 476, 
Count MUnster, and then visited the ground to vol. xvii. p. 543). 
mark their position. In 1852 he observed similar 
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In a letter to myself in, 1863, M. Barrande made the following important 
observations : — 

** This fauna (from the environs of Hof) presents evidently ‘ Primordial * characters, 
by the predominance and the forms of its Trilobites, which are accompanied by a 
small number only of the usual Lower Silurian genera, i. e. Lingula and Hiscina, tho 
Pteropod Pugiunculus, and a Cystidean. 

“ The Trilobites predominate, indeed, over the other fossils, both in the number of spe- 
cies and in the relative quantity of individuals : I recognized eight to ten species of Cono- 
oephalus and Olenus, all new, as well as another type which also seemed to me to be new. 
With these * Primordial * Trilobites are also associated two or three forms which every- 
where characteriise the Second Silurian fauna (Llandeilo and Caradoc), e. e. Calymene 
and CheiruruB. 

** The coexistence of these different types is evident, since I found them in the same 
piece of rock not larger than my hand. 

“ The occurrence of the genus Olenus, which is entirely absent in Bohemia, and the 
appearances which the species of it present, indicate that the fauna of the environs of 
Hof has more relation to the English and northern zone than to the central zone of 
Europe. There was therefore (of old) a gneissic barrier, more or less elevated, be- 
tween Bohemia and Bavaria, such as that which we now see. 

“ I was drawing up an interesting parallel between these two Palaeozoic basins ; but 
just as I was about to complete it, 1 was obliged to quit Prague ; and since then I have 
been absorbed in very different occupations. 

You will observe that the partial coexistence of the Primordial and Second faunas 
on the frontier of Bohemia comes in very h propos to aid us in the conception of the 
partial coexistence of the Second and Third Faunas in Bohemia, or, in other words, of 
my ‘ Colonies.’ ” — Quart. Joum. Geol. Soc. vol. xix. p. 362. 

But, to return to a description of the Silurian basin of Bohemia. The next zone, 
or * Stage D,’ of the typical basin of Barrande, is formed of schists and sand- 
stones, and represents the great upper mass of the Lower Silurian, charged 
with abundant casts of Trinucleus, Ogygia, Asaphus, lUaenus, Kemopleurides, 
and many other Trilobites. In it also has been observed the same relative 
development of the genus Orthis among the Brachiopods, and of Cystidero 
among the Echinoderms, which stamps the character of the Lower Silurian 
rocks of Scandinavia, Russia, Britain, and North America. 

Prague, with its Imperial palace, the Hradschin, stands upon these Lower 
Silurian rocks, which, dipping under Upper Silurian schists and limestones 
to the south of the city, rise up again to the surface on the banks of the Moldau, 
a few miles further south, and thus exhibit the upper members enclosed within 
a trough. 

M. Barrande places the base of his Upper Silurian, or bottom of his * Stage E,’ 
where the quartzites with Trinuclei are overlain by black schists with large 
concretions or hailstones, and containing many Graptolites. Several bands of 
greenstone, which the author considers to be of cotemporaneous age, are inter- 
polated in this portion of the series j and the shales are followed by grey argil- 
laceous limestone replete with a very rich fauna, unquestionably of an Upper- 
Silurian type. Although it might be contended, however, that, as in other coun- 
tries, the schists which contain both the doubly and singly serrated Graptolites 
ought rather to be classed with the lower division, no one can doubt that the 
limestones into which those schists graduate upwards represent the true Upper- 
Silurian type, so well marked in England and Gothland. Thus, in these we 
meet with the well-known fossils Cardiola interrupta, C. fibrosa, Phragmoceras 
ventricosum, P. arcuatum (Cyrtoceras, Barr.), Orthoceras annulatum, 0. num- 
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mulariuin; Hhjnchonella nayicula, Rh. oborata^ Rh. Wilsoni, Rh. marginalis, 
Acroculia haliotis, Pentamerus IQiightii, P. ^eatus^ Spirifer trapezoidalis^ 
and forms of LeptaBna, all of them published in my original work as Upper- 
Silurian species. Again, most of the Zoophytes which so characterize the 
Wenlock and Gothland limestone are here found in profusion, including the 
widely known Corals Halysites (Catenipora) catenularius, Fayosites Gotlan- 
dicus, &c. Even that fossil which has not otherwise, I believe, been detected 
out of England, the Ischadites Koenigii, Sil. Syst., has been here collected 
in great quantities. It is also in this rich Stage (e) that the Cephalopods have 
their maximum development, as represented by 400 species in this band only, 
there being among them many species of the true Nautilus. The Crustacea, 
Acephala, Gasteropoda, and Brachiopoda occur in about the same remarkable 
proportion, M. Barrande having described no less than seventy-eight species 
of Trilobites from this one limestone, the chief genera being Acidaspis, Caly- 
mene, Cheirurus, Cyphaspis, Lichas, Phacops, Harpes, Bronteus, Proetus, and 
Arethusina. 

Though M. Barrande has shown that the English fauna of this division has 
many representative and nearly allied forms in Bohemia, the number of fossils 
which are actually identical in the two countries is limited. Thus the 
Phragmoceras venMcosum, P. arcuatum, and Orthoceras nummularium of Bri- 
tain are represented respectively in Bohemia by the Phragmoceras Broderipi, 
Cyrtoceras Murchisoni, and Orthoceras docens of Barrande. In this rich forma- 
tion, Stage B, the Cephalopods alone amount to about 600 species, three- 
fourths of these belonging to Cyrtoceras and Orthoceras I 

Judging from the fossHs, Mr. Salter is of opinion that the subdivision d 
represents the Llandeilo formation ; and other beds and their fossils have been 
compared with the Caradoc. For my own part, however, I have always thought 
that geologists should not endeavor.r to synchronize any one British subdivision 
with an exact equivalent in distant foreign lands ; and in Bohemia the simple divi- 
sions of lower and upper, as adopted by M. Barrande, are, I think, quite sufficient. 

Ascending from this limestone (e of the section, p. 371), the remaining and su- 
perior stages of calcareous rock (f and g) are so entirely conformable, are so often 
closely knit together in parallel folds in the same hill with the Stage e, and are so 
connected zoologically as well as stratigraphically, that M. Barrande has united 
them all in one natural group, as containing his Third Fauna. The band r, a thin- 
bedded, hard limestone, usually of a light colour and somewhat crystalline, and 
therefore offering a strong contrast to the dark and earthy rock of the beds be- 
neath it, is particularly distinguished from Stage e by a great diminution in 
the number of Cephalopods, which class continues still to diminish in the earlier 
part of the Stage g, but augments again largely in the calcareous zone form- 
ing the upper or later part of the band. It is indeed remarkable that several 
nTiim nlfl which Seemed to be extinct, such as Gomphoceras and Phragmoceras, 
reappear in forms very similar to those of the Wenlock formation (b), very 
much lower down. They coexist with Goniatites, fossils wholly unknown in 
any stratum below the Stage p, 

I must refer the reader to the remarkable data brought forward by M. Bar- 
rande (Defense des Colonies, Part iii. pp. 314, 316) which demonstrate that 
there is more specific connexion between the Stages b and P and a Devonian 
fauna than the last bears to his highest Stages g and h. This is one of the 
valid reasons assigned by the author for upholding the truthfulness of the migra- 
tion of certain marine animals in ‘ Colonies which after an interval returned 
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to their former habitats — a view which, as applied by this great geologist, is as 
oxiginal as it is in consonance with natural-history data relating to the migrations 
of marine animals (see p. 860). This Stage (f) is characterized by the first appear- 
ance of true Goniatites, which, as far as 1 know, have not been observed in so low 
an horizon in any other part of the world. Some of these, indeed, are larger 
than any previously known Goniatites. All intervening bands of shale and 
schist disappearing, the band F is at once surmounted by the highest limestone 
G — a rock usually of small concretionary structure, but which when laid open, 
as in large quarries on the banks of the Moldau (Branik, Wiskocilka, &c.), ex- 
hibits extensive fiattish masses with slightly undulating surfaces, the upper 
layers of which are covered by grey shale, h of the diagram (p. 371). In these two 
uppermost stages nearly all the other classes of fossils expire ; but many Trilo- 
bites still prevail in them. 

M. Barrande refers all these three limestones, including their shales, inferior 
and superior, to the Upper Silurian group, since he has found (as, indeed, I long 
ago anticipated *) that the British division into Wenlock and Ludlow rocks was 
not be looked for in distant lands. In truth, he has detected abundant Ludlow- 
rock fossils in the lower limestone k j and though the upper Stages, f, g, h, 
contain some of the same species as that rock, they are also distinguished 
by many which are locally peculiar to each of them. In this way Stage f is 
marked by its profusion of Brachiopods ; whilst the Cephalopoda, so abundant 
in the lower limestone, are reduced to a few. Of Trilobites, though there are 
seventy-five species, they all belong to the same genera as those of Stage b. 

In G, or the highest limestone, there would seem, at first sight, to be some 
reason for classifying this mass rather as Devonian, seeing that, as well as the 
rock beneath, it contains Goniatites, a genus of Cephalopoda unknown in the 
Silurian of Britain, but abundant in the Devonian and Carboniferous rocks of 
many countries. This one feature, however (and the Bohemian species are 
peculiar, and not known Devonian, types), cannot prevail, in the opinion of the 
author, in the fiice of the much more decisive fact that many true Silurian 
types pervade the three limestones, and unite them in one natural group. Thus 
we here meet with forty species of Trilobites of the genera before mentioned, with 
the addition of Dalmanites (Phacops). Now, although all these genera, with 
the exception of Calymene, are known in the Devonian rocks, no one of the 
Bohemian species has been found in them f J and the resemblance is therefore 
confined to the Brachiopod shells, of which a few species are certainly foimd in 
Devonian strata J. 

Appended to his work § is an invaluable Table (plate 51, vol. i.), containing 
the result of as much philosophical thought and profound research as were ever 
embodied in a single page of natural-history ; and in it M. Barrande brings 
proof at once before the eye, that every one of the few Devonian Trilobites 
belongs to a genus which took its rise and had its maximum development in the 
Silurian period. In other words, they are only the expiring remnants of the 
Crustaceans of the first great natural epoch in which those animals flourished. 
M. Barrande has also defined the upper limit of Silurian life by showing that his 
highest limestone contains three species of Calymene, a genus never yet found 
in the Devonian rocks, the form which was originally taken for a Calymene in 
the lowest Devonian of the Ehine being now recognized as a Phacops. 

* T ^ * Silnrian System/ pp. 196, 301, et pasHm. I Barrande on the Silurian Brachiopods of Bo- 

1 1 have the aathorilj of M. Fridolin Sand- hernia, in Haidinffer's Naturwissensoh. Abhandl. 
wrger to state that he knows of none of the 1847, voL i. 

Upper Silvan Trilobites of Bohemia in the Do- t ‘ Systome BUorien de la Bohfeme/ voL i. 

Tonian rooks of the Bhine. 
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In short; about 2735 species of fossils have already been obtained through 
the labours of this naturaluBt in working out the rich materials of his Silurian 
Basin ; and as in Britain and other parts of the world; so in Bohemia; the 
most assiduous researches; aided by the microscope; have failed to detect the 
trace of a vertebrated animal below the uppermost Silurian rocks. In the two 
highest bands of these; and notably in the uppermost only; has M. Barrande 
obtained fragments of Fish-bones. It is further remarkable that he has found the 
peculiar Crustacean PterygotuS; ranging, as it does to a great extent in England; 
through the Upper Silurian rocks (pp. 237 &c.). See also Sil. Syst. pi. 4, and 

p. 606. 

The geologist who compares this edition of ‘Siluria^ with the first; will 
have already perceived, p. 47 et aeq.y that in the years which have elapsed, many 
new or additional fossils have been detected in the lowest stages of the Llandeilo 
rocks, chiefly in the Silurian region of England and Wales, as well as in the 
crystalline quartzites and limestones of Sutherlandshire (p. 165). 

Now, just in this interval of time has M. Barrande discovered, at the same 
horizon in his Silurian Basin of Bohemia, a fauna which much resembles that of 
the same old British zone. Thus jEgHna prisca, Barr., resembles very nearly 
.^glina binodosa, Salter, of the Stiper Stones (p. 48) ; whilst the Redonia of 
Rouault has its representative in the British form (fig. 2. p. 48) ; and Bibeiria 
pholadiformis, Sharpe, which characterizes the Lower Silurian of Portugal, and 
is matched by our R. complanata (fig. 3. p. 48), makes its first appearance in 
Bohemia in this Stage. Let us also mark that here, as in Shropshire, Graptolites 
and Orthoceratites are associated in the same zone with the above-mentioned 
MoUusca, and that one of the Bohemian Orthocerata has a striated surface simi- 
lar to that of our Orthoceras Avelinii (p. 48. fig. 4). 

But notwithstanding the unmistakeable analogy between the ' Second Fauna’ 
and that of the Llandeilo and Caradoc formations of England, M. Barrande is of 
opinion that it is impossible to identify any one of his subdivisions with any 
particular English stratum. He believes this applies equally to his ^ Zone Pii- 
mordiale ’ and to his ^ Third Fauna ’ (Etage e). At the same time he points out 
that the successive apposition of the fossils is essentially the same, but with some 
notable differences. Thus, among the Cephalopoda, the first Cyrtoceras appears in 
Wales in the Tremadoc Slates ; there are six or seven species in the Llandeilo 
beds and two in the Caradoc fonnation. In Bohemia, on the contrary, there is 
no trace of a Cyrtoceras in all the Second Fauna (Etage d) to represent the 
British Llandeilo and Caradoc fossils, though there are two species in the ‘ Co- 
lonies.’ Again, Orthoceras vaginatum, or its representative, with a large mar- 
ginal siphon, which occurs in the British Caradoc, is only foimd in the very 
lowest bed of Etage n — ^that is, quite low in what we may consider to be the 
equivalent of the Llandeilo rocks. Whilst, therefore, the chief Lower Silurian 
formations are the same in both countries, the details of the development in each 
differ materially. In Britain we as yet know of no specitjs which mounts up 
from the Lower Llandeilo to the Llandovery rocks ; but in the Bohemian basin 
nine or ten species of the lowest band of Etage D Q Second Fauna’), after disap- 
pearing in the three overlying bands, reappear in the uppermost strata. M. Bar- 
rande in his work on the ‘ Colonies ’ of fossils, points out with great effect the 
recurrence of the same phenomenon in the Upper Silurian, ». e, his * Third 
Fauna,’ and says that the same thing occurs in other countries. 

M. Barrande has also met with another link which binds together the northern 
type of Russia, Scandinavia, and England with that of Bohemia, in a species of 
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large Ortihoceras of the group 0. duplex (p. 367 ), so eminently characteristic of 
this age in the North of Europe. He has, in short, detected about sixty species 
in this zone, a portion of which he has tabulated Among these fossils we 
perceive the remarkable Cephalopod with step-like septa, the Bathmoceras, 
Barrande, together with a large Ogygia, Cal 3 rmene Arago, and Bellerophon 
bilobatus, — ^the last, which is so typical of these rocks in Britain and France, 
being very abundant. It is also worthy of notice that Agnostus tardus, 
Barr., which had hitherto been recognized in the upper division only of Stage b, 
makes its first appearance in these much older beds. Here also appears, for 
the first time, Graptolithus priodon (colonus, Barr.), which does not play the 
same part as in Britain by living on through so long a lapse of time (see p. 125); 
for, whilst in Wales and Shropshire the latter was in existence from the period 
when the slaty rocks of Snowdon were formed to the time of the Ludlow deposit, 
this same fos^ in Bohemia, with all its congeners, reappears no more above the 
Stage E of the Bohemian basin. Again, among the fossils of this zone there are 
OrthidsB of three species, a small Euomphalus ? (E. primus, Barr. — ^belonging 
rather to the many-whorled genus Ophileta of Sutherlandshire and Canada), 
several species of Cystideae and Ophiuridm, with Encrinites, as well as forms of 
the little Entomostracite Beyrichia, which characterizes vast breadths of Upper 
and Lower Silurian rocks in many countries, even in the Arctic Regions. 
Already, therefore, in this very ancient stage, we find many of the types which 
range through the whole Silurian System I 

The overlying Stages of the great Lower Silurian deposits of Bohemia, or the 
four upper subdivisions of Barrande’s Stage d, correspond on the whole to 
the remainder of the Llandeilo Flags and all the Caradoc formation. But the 
same mineral characters are so persistent throughout the series of numerous 
bands of quartzite, and similar courses of schist are so repeatedly interlaced with 
them from the base to the summit, whilst so many fossils are common to the 
whole, that it has not been found practicable to mark the same distinctions as in 
Britain. Among the fossils which most prevail may be mentioned Beyrichia Bo- 
hemica, Acidaspis Buchii, Placoparia Zippei, Theca elegans, and Ribeiriapholadi- 
formis, — ^the last having lived on from the earliest-formed strata of this group (d). 

Let me here add a few more words on some striking features of the organic 
remains of this Bohemian basin. Among the Graptolites, G. priodon (Lu- 
densis, Sil. Syst.), which in England is found in all the Silurian rocks, is beau- 
tifully preserved, — its smaller end being incurved. Of Corals there occur quite 
as many Silurian forms as are known in England. The Cystideee of the Lower 
Silurian (Stage d) are occasionally of great size ; and some of them, like the 
Echino-encrinites of Scandinavia and Russia, ascend into the Stage e, or Upper 
Silurian. 

The profusion of Chambered Shells in the basin of Prague has enabled M. Bar- 
rande to trace many gradations between the generic types Gomphoceras, Phrag- 
moceras, Trochoceras, Cyrtoceras, &c. ; and in two specimens of Orthoceras he 
has detected the animal matter in the state of adipocere I These bodies, 
therefore,he justly considers to be the oldest mummies ever exhumed, since they 
occur in Lower Silurian rocks with Trinuclei ! The most ancient Nautilus yet 
found is probably N. tyrannus, Barr., a huge form of a genus of which the author 
has traced some members through all their stages of growth. There are some 
Goniatites, of forms approaching Nautilus ; but no species, not even in the very 
highest strata near Prague, is a known Devonian type. 

* Bull. Boc. G^ol. Fr. w6r. 2. vol. xiii. p. 632. 



Chap. XVJ 


SILT7E1AN COLONIES OF BOHEMIA. 


879 


Besides the genera of Trilohites enumerated as occurring in the ' Primordial ’ or 
lowest zone^ that band also contains the Hydrocephalus^ so named by Bairande 
fk»m its inflated head^ and the Arionellus^ a large flat form^ which Prof. Angelin 
has recognized in the same zone in Sweden. In the succeeding mass of the 
Lower Silurian, or Stage d, is foimd Beyrichia lata, common also to Sweden 
and America. Acidaspis Buchii has been described also by M. Bertrand Geslin 
from rocks of this age near Nantes j whilst other Entomostraca, chiefly bivalved 
(of which there are about twenty species), range from the lowest to the highest 
of the Upper Silurian limestones. 

Space does not permit of an examination of the analogies and identities pre- 
vailing among the Brachiopods and Gasteropods of the basin of Prague as com- 
pared with those of Silurian age in other countries. Sufiice it to say that, when 
fully elaborated, the whole of the fossils will probably amount, under the dis- 
crimination of M. Barrande, to upwards of 2000 species I * 

Other results of the researches into the contents of the Bohemian basin show 
just those agreements in the general distribution of life and the peculiarities of 
local arrangement which are found in all synchronous deposits. Thus the Ptery- 
goti in Britain ascend from the Llandovery to the Ludlow rocks j and in Bohe- 
mia they range upwards from Stage b, or the representative of the Wenlock 
formation. 

Again, the Asteriadae, or Star-fishes, which are rare in what may be called the 
Llandeilo rocks, or Barrande’s subdivision n^, become conspicuous in the higher 
stage or Caradoc. They have the same range in Britain and Canada. 

Notwithstanding their strict conformity to each other, the Lower and Upper 
Silurian rocks of Bohemia are supposed to be more sharply separated from each 
other by differences of their fossils than in the wider area of the British Isles. 
This fact may to a great extent be explained by an appeal to the usual pheno- 
menon of a clear separation of types wherever a limited tract only is surveyed. 

Here, however, we have another cause, by which M. Barrande accounts satis- 
factorily for the specific separation, in this tract, of the animals of his three Silu- 
rian zones. He shows that, after the accumulation of what he calls the ^Pri- 
mordial Zone,’ the sea-bottom of this region was powerfully disturbed by the 
eruption of porphyries. Again, after the completion of his Second Zone, or at 
the close of the older Silurian period, other igneous rocks (greenstones &c.) were 
so copiously and repeatedly evolved as to account for the destruction of nearly 
all the animals then living in this area, the creatures which were enabled to 
exist and live on during such turbulent conditions being for the most part 
Graptolites. 

Yet even from this point of view, the author of the ‘ Bassin Silurien de la 
Boh^me ’ has proved that not less than sixty species of fossils are common to 
his Stages D and e. Thus, when the observer is working his way up through 
the Lower Silurian schists and quartzites of the Stage d, with their Orthidae 
and Trinuclei, in them he unexpectedly meets with intercalated bands of dark 
shale, mineralogically similar to those of the upper Stage, and in which, out 
of sixty-seven discovered species, sixty are forms that characterize the Upper 
Silurian Stage e. This is’ the more remarkable, as the fossils otherwise knowm 
in the Stage d are by no means similar to those of the overlying rocks. 

M. Barrande, broaching an original theory, has suggested that these schists, 
so insulated among the older strata, must be regarded as having been the seats 
of ' Colonies ’ of animals which, existing in some other part of the world whilst 

* G-eologistB will do well to consult the beautiful suite of Silurian fossils from Bohemia in the British 
Museum, collected, classified, and arranged by M. Barrande. 
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the Lower Silurian fauna prevailed in Bohemia, were carried to these spots by 
currents, and thus for a time inhabited the region before the more general in- 
troduction of exotic species at a subsequent period (see also p. 876). 

Some geologists would endeavour to explain the fact by showing that fossil 
animals are frequently associated with particular physical conditions, disap- 
pearing and reappearing with changes of the sea-bottom. The difference be- 
tween this view and that of M. Barrande is, that he considers his ancient * Colony ’ 
to have migrated from remote seas, where his Third or Upper-Silurian Fauna 
already flourished*. 

Having now fully reconsidered all the evidence brought forward by M. Barrande 
in his well-reasoned memoirs, I am of opinion that he has fairly substantiated 
the soundness of his view of the former migration of species from seas more or 
less distant — ^in other words, that animals having deserted certain waters, and 
migrated to other localities, returned long after and under favouring conditions 
to the region they had long before inhabited. 

In his general comparison of the Silurian fauna of Bohemia with that of Bri- 
tain, M. Barrande shows, as before said, the impossibility of identifying each of the 
bands of his rich basin vrith the subdivisions established in the original Silurian 
region. He justly recognizes only the great divisions of Lower and Upper Silu- 
rian, placing in the earliest of these his First and Second Faunas, and his Third 
Fauna in the latter. With this general agreement (the application maybe made 
to very distant tracts containing rocks of this age), it now appears certain, from 
M. Barrande’s clear explanation of the relations of the Bohemian strata and 
their respective contents, that his Second Fauna, the representative of the Llan- 
deilo and Caradoc of Britain, without any mixture of other remains, is super- 
posed to a band containing animals which belong to his Third Fauna, or Upper 
Silurian. This fact sets aside the inference that his ^ Colonies ' may represent the 
Llandovery rocks of British classification, and shows that in Bohemia it is im- 
practicable to establish a ^ Middle Silurian,’ as suggested by Mr. Salter when I 
was preparing the last edition of ^Siluria.’ Irrespective of the ingenious esta- 
blishment of the natural-history fact of the migration of animals, it is clear that 
these alternations of life indisputably connect the Lower and Upper Silurian 
rocks in one system, through an interchange of a considerable number of their 
respective fossils. M. Barrande justifies me, indeed, in not employing the term 
^ Middle Silurian ; ’ for although I have fully recognized the Llandovery rocks 
as occupying a transitional place in my own country, I well know that there 
are many tracts in which no such evidences exist j and the reader who refers to 
the table on the side of the coloured map will at once perceive that the Upper 
Llandovery is bracketed as the base of the Upper Silurian, and the Lower Llan- 
dovery as the summit of the Lower Silurian. 

The fossil species collected by M. Barrande in his rich Bohemian basin are 
thus enumerate : — ^Fishes, 6 (1 in Stage p, and 4 in Stage g, both equivalents of 
Ludlow rocks) ; Trilobites, 3^; Crustacea, 70; Cephalopoda, 870; Pteropods, 
70 ; Gasteropoda, 660 ; Bivalves, 450 ; Brachiopods, 220 ; Polyzoa and Polyps, 
150. Total, about 27^ species. 

Before I take leave of this rich centre of Silurian life, which my eminent 
friend has rendered so classical, let me invite the attention of the reader to one 
salient proof of his acumen and sagacity as a naturalist. Every one knows 
that living Crustaceans, from the King-crab (Limulus) and Lobster down- 
wards, proceed from eggs ; and before reaching maturity, many of them, even of 

* See ‘ Bulletin Soc. Gi^ol. de France/ vol. xviL p. 639. and voL zx. p. 493 ; also Barrande, * Defense 
des Colonies.' 



Chap. XV.] 


PALEOZOIC KOCKS OF GEEMANT. 


881 


the highest grades, axe known to ^ss through a metamorphosis. Now, M. Bar- 
rande has discovered, after examining multitudes of specimens, that the Trilohite 
or earliest Crustacean underwent a similar metamorphosis from the embryo to the 
adult state, and passed through many changes of form. In the genus Sao, for 
example, he has distinguished no less than eighteen stages of development of the 
same species, each stage being marked by an addition to the thoracic ribs of the 
animal ; and he has thus taught us, by true natural proofs, that several so>called 
genera and many species named by cotemporary authors really belong to this 
one creature *. The same analysis of forms has, indeed, been extended by M. 
Barrande to other and higher deposits of the Silurian system ; for he has indi- 
cated twenty-two changes in his beautiful species Arethusina Koninckii of the 
Stage E ; and altogether he has foimd the phenomenon to hold good in thirty- 
four species of Trilobites in the Lower and Upper Silurian strata, there being 
seven metamorphoses in the genus Trinucleus alone 1 He has even followed out 
his subject into other families, and has traced the fossil Nautilus from the egg, 
through twenty variations of form, to its completion with a perfect aperture to 
the shell ! 

In a word, the work of M. Barrande will convince every one who studies it 
that we have now obtained quite as clear an insight into the earliest stages of 
life yet recognized upon the globe, as into the succession of those younger de- 
posits the secrets of which are so much more easily wrung from the less indu- 
rated stony records of nature. 

PaUeozoic Rocks {Silurian j Devonian, Carboniferous, and Permian t) of Thu- 
ringia, Franconia, Saxony, and the adjacent Principalities , — The older sedimentary 
formations occupy a considerable region on the north-western flank of that de- 
vious chain of granitic, gneissose, and other ciy^stalline rocks which, ranging 
from north-east to south-west, divides Saxony from Austria, and trends into the 
Fichtel-Gebirge of Bavaria. From that chain the deposits in question descend 
into and spread over a broad and comparatively low, imdulating tract, which in 
its central part is cut through transversely by the River Saal as it flows from 
Hof on the north-east to Saalfeld on the south-west. On their western boundary, 
these sedimentary rocks again constitute some of the lofty eminences of the 
Southern Thuringerwald, the whole succession under consideration having a 
dominant strike from south-west to north-east. In this way the younger strata 
may be said to occupy a broad trough, ranging lengthwise from Ronneburg and 
Gera on the north-east, by Schleitz, Plauen, and Hof, to Upper Franconia on 
the south-west ; whilst the older rocks of the series, rising up on either side, are 
often in a highly metamorphic state, but chiefly on the south-eastern flank of 
the depression. 

The first efibrt to coordinate the various sedimentary rocks of this region 
with their equivalents in the Rhenish Provinces and the British Isles was made 
in the year 1839, by Professor Sedgwick and myself %, We commenced our sur- 
vey by examining the mountainous elevations of old grauwacke in the Southern 
Thuringerwald, and thence extended our observations to the younger shelly lime- 
stones of Upper Franconia, wherein Count Munster had collected his ^ transition’ 
fossils. As the result, we indicated that which has proved to be the true gene- 
ral succession. We spoke, for example, of a slaty greywackS with greenish 
slate and quartzose flagstones and grits like those of the Longmynd, — of quartz- 

* SeepartioalarljOorda/ProdromnBeinerMo- t For details of the Permian rooks of these 
nog. der BShxnisohen Trilobiten,* in which the spe- tracts, see p. 313 et »eq, 

oies Sao hirsuta, Barr., has been diyided into no 1 Trans. Geol. Boo. Lond., 2nd ser., vol. vi. p. 
less than ten genera, and these again subdivided 29 d. 
into eighteen species ! 
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ites and roofing-slates with a greenish tinge (Schwartzburg, &c.), that reminded 
us of the lower slates of Cumberland and Westmoreland. The whole of them 
were said to exhibit great undulations, but with a prevalent dip to the south- 
east, — ^to be powerfully affected by a slaty cleavage, — and to be surmounted by 
subcrystalline limestones with alum-slate (pyritous shale of Doschnitz, &c.). 
These, again, were described as covered by other grey schists and greywackS, 
containing also courses of limestone ; and all such beds disappeared, we said, 
under more earthy and arenaceous strata, resembling the Devonian rocks of the 
Bhenish Provinces. Finding, however, no fossils except Encrinites in the lower 
part of these rocks, we could assign to them no more definite place than that 
they were probably of the age of the slates of the Ardennes. On the other 
hand, we regarded the fossiliferous limestones of Franconia (Elbersreuth, Hof, 
GattendorfF, &c.), which are replete with Clymenies, Goniatites, and Ortho- 
cerata, as being unequivocally of Devonian age; and, lastly, by actual sec- 
tions, we confirmed the view of Count Miinster derived from fossils only, and 
showed that the limestones and associated schists of Trogenau, Regnitz Losau, 
and Wiirlitz near Hof were truly of the age of the Carboniferous or Mountain 
Limestone *. 

In calling attention to this view of the succession, which, in a subsequent visit 
with Professor Morris, I found to be correct, it is by no means contended that 
Professor Sedgwick and myself did more than throw out a general suggestion ; 
for at that time, not only was there no true geological survey of this compli- 
cated country, but not even any ordinary geographical map which could be 
depended on. In the quarter of a century which has since elapsed, good trigo- 
nometrical surveys have been made of large portions of the region ; able geolo- 
gists of Saxony and Meiningen have likewise constructed geological maps, and 
have described many fossils entirely unknown in earlier days. 

Thus Professors Naumann, Cotta, and Geinitz, in Saxony, and M. Richter of 
Saalfeld in Meiningen, have elaborately worked out the demarcation of the 
mineral masses of which these old rocks are composed ; and some having been 
found to contain Graptolites, Trilobites, and other ancient fossils, such inferior 
grey wacke has very properly been referred by those authorities to the Lower 
Silurian t. With this view I quite agree, guarding the definition of the word 
^ Lower Silurian ’ by explaining that some of the black schists of this region 
which contain Graptolites may be of the age of that zone which forms the 
base of M. Barrande’s Upper Silurian in Bohemia. 

The following, therefore, may be taken as a view of the succession, completing 
the first sketch by Sedgwick and myself ; — 

1. Ancient rocks of the Thiiringerwald, consisting of greenish talcose schists 
with white quartz-veins, which in former times afforded some gold. They 
range fi«m Steinheide by Igleshieb, or from south-west to north-east, in asso- 
ciation with certain bands of ferruginous and purplei'Coloured greywackd not 

* The foMiU oolleoted in Uiese limestones were well understand how that gentleman, from whom 
Prodnetus pnnotatns, P. antiquatus, P. sublaevis, I exi)erienced every courtesy when I visited 
P. pnstulosus, a large Orthis near to O. crenistria, Steinach, should have been led to indicate an 
PhilL, Chonetes papilionacea, Euomphalus pen> order of strata whereby the rocks which are 
tangulatuB, and several Ck>ralB of the genera By- really Devonian were plaoed under the Lower- 
ringopora, Cyathophyllum, &c., — a perfectly Car- Silurian greywaokfe. The formations referred by 
boniferous assembl^e. him to tne Upper Silurian, under the names of 

t I must not omit to add to this list the name Wenlock, Aymestry, Ludlow, &o. (Zeit. deutsch. 
of M. Engelhardt of Ober-Steinach, who has made geol. Oesellsoh. Berlin, vol. iv. p. 2H), are for the 
a lane collection of fossils, some of which are most part Devonian, as proved by fossils ; but, not 
manifestly of Lower Bilurian, and others of De- relying on n^ own judgment only, 1 obtained the 
yonian age. The strata near that place are so opinion of M. Barrande, which confirmed my own 
dislocated and in great part invertf^ that 1 can views. 
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unlike the bottom rocks of the British sections described in the Second Chapter 
of this work. These masses occupy the highest grounds of the Oberland of 
Meiningen, attaining an elevation of nearly 3000 English feet above the sea. 
2. The beds of this lofty plateau fold over both to the north-west and south- 
east^ and are throughout affected by a slaty cleavage^ which extends to all the 
overlying formations. As the planes of this cleavage, usually plunging to the 
north-west at a high angle, are dominant, and often obliterate the lines of true 
bedding, they have misled some observers with respect to the physical succes- 
sion of the strata. 

Attentive observation, however, convinced me that, rolling over in undula- 
tions to the south-east, the above rocks (^Griine Grauwacke^ of Richter), con- 
taining the Fucoid (?) Phycodes circinatum, Richter, and the pygidium of a 
Trilobite, are overlain by the group which Richter terms ^Graue Grauwacke.' 
The latter is composed of much slate, with hard siliceous sandstone, courses of 
limestone, and some alum-schists, one portion of the slaty rocks being exten- 
sively quarried for the manufacture of slate-pencils (Criffelstein). The lower 
beds exhibit fine examples of so-called Fucoids, among which are Fucoides Alle- 
ghaniensis, together with Myrianites, and the Graptolites (?) Cladograpsus nerei- 
tarum, Nereograpsus Sedgwicki, and N. Cambrensis (Nereites*, Sil. Syst.). The 
upper beds especially contain Graptolites, Orthoceratites, and some forms of 
Trilobites. Of the truth of this succession I convinced myself by examining, 
with M. Engelhardt and Professor Morris, that portion of the section of Ober- 
Steinach which pertains to the Silurian rocks. A species of Trilobite found by 
M. Engelhardt approaches near to, if it be not identical with, Ogygia (Asa- 
phus) Biichii, whilst a form of Maclurea collected by M. Richter closely resembles 
M. magna, Hall ; and, as some of the worm-like bodies (Nereites), and several 
of the Graptolites, both double and single, are not distinguishable from forms 
known in the British Isles, there can be no doubt that we have in this slaty 
group a true equivalent of a Lower Silurian formation, and probably of Llan- 
deilo age. 

The positive identity of the Thuringian strata with their equivalents in 
Britain has been further established by the occurrence, no^ only of the same 
species of Ann elide or large Nereites, as above noticed (see the woodcut, p. 201), 
but also of Protovirgularia dichotoma, specimens of which Richter has detected 
in Germany, apparently identical with those found in the Lammermuir Hills 
of Scotland. 

It would further appear that there are strata in the Southern Thiiringerwald 
which by their fossils approach to the Caradoc and IjOwer Llandovery rocks 
of Britain ; for Richter has shown t that, together with Trinucleus, Phacops 
Stokesii is present, as well as Pentamerus oblongus and P. globosus. With 
these also are the well-known British Lower-Silurian fossils, Euomphalus Com- 
densis, Orthis testudinaria, 0. alternata, O. lata, Leptsena sericea, &c., some of 
which are Lower Llandovery species. 

The upper beds of alum-slate and flinty slate are principally characterized by 
Graptolites, several of which are species identical with those described by Port- 
lock, Salter, M^Coy, Harkness, Nicol, and myself, chiefly from the Lower Silurian 
of Britain; and among these, as seen in the work of Geinitz, or identified 
by Richter, are the following : — Diplograpsus folium. His. ; D. palmeus and 
D. ovatus, Barr. ; D. teretiusculus. His. ; Graptolithus priodon, Bronn ; G. 

* G-einitas records these as beloi^ng to the Graptolite family. 

t Zeitschr. dor deutsohen geol. Gesell. 1853, d. ^9 ; ib. 1854, d. 275, note. 
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Sedgwickii, Portlock; G. Beckii, Barr.; G. latus, M^Coy (P); G. spina, Rickt. ; 
G. turricnlatus, Barr. ; G. Nilssoni, Barr. ; G. Sagittarius, His. ; G. colonus, G. 
Proteus, and Rastrites peregrinus, Barr.*; with some other species common 
to this region and Bohemia, including the remarkable form Retiolites Geinit- 
zianus, Barr. Several of the Graptolites are similar to those of the Silurian 
deposits of Scandinavia, North America, and other countries. 

The researches of M. Richter have, indeed, gone further, and have enabled me 
to speculate upon a close approach to the Upper Silurian, if he has not really 
made known the base of that division. For among the remains of one of the 
courses of limestone, he has detected Cardiola interrupta, Brod., Acroculia pro- 
totypa, Phill., with Orthoceras styloideum and O. Bohemicum of Barrande, 
both of which characterize the ^ Stage e ’ of that author. 

The Silurian rocks of the Thiiringerwald and of the Saalfeld tract, which are 
penetrated at intervals by porphyries and greenstones, are irregularly overlapped, 
towards their south-eastern flanks, by masses of Devonian age (the ‘ Rothe Grau- 
wacke ’ of Richter), which will be considered presently. Silurian schists con- 
taining Graptolites again emerge from beneath younger strata in a series of low 
undulations far to the east of the lofty and wooded Thiiringerwald. The base, 
in fact, of the low ridges extending from Ronneburg on the north-east, through 
Schleitz, to Lobenstein on the south-west, is composed of graptolite-schists and 
rooflng-slates. Similar rocks reappear in parallel undulations in the environs of 
Plauen and Hof ; and it is probable that considerable portions of the ^ Thon- 
Schiefer ’ of the Geological Map of Saxony will hereafter be found to belong to 
the Lower Silurian division. 

The exact demarcation of the outline of these Silurian formations, and their 
separation from all the older unfossiliferous and crystalline strata on the one 
hand, and from the Devonian rocks on the other, will be a work of no small 
labour. Their regular order has been repeatedly interfered with by erupted 
and pseudo- volcanic masses, which, whether they constitute stratified layers or 
appear as intrusive bosses, have singularly affected the ordinary sediments. 
These igneous roiks are indeed most accurately laid down on the map by 
Professor Naumann and his associates. So rapidly does the geologist here 
proceed from one formation to another, that a single small hill composed of 
Lower Silurian schists with Graptolites is often contiguous to the Upper Devo- 
nian limestone. These changes are well seen near Schleitz, where the low 
ridges of black brittle schist, which form the pleasure-grounds of the reigning 
Prince (He^^ch’s Ruhe), are laden with Graptolites, Orthidas, and other fossils 
of Lower-Silurian datef j whilst, on the western side of an intervening small 
hill of eruptive rock, the geologist has before him a limestone charged with 
Clymenise, Cypridince, and the very uppermost Devonian fossils f On the whole, 
however, it may be said that, although they occupy so broad an area in the 
lofty tract of the Thiiringerwald, the Silurian rocks only make their appearance 
partially, and within comparatively narrow bounds, in the central portion of 
that region which has here been designated a vast undulating trough. Even 
then one characteristic band is alone visible, composed of the black schists and 
slates, extending from Ronneburg by Schleitz to Lehestein and Lobenstein. 

The Devonian rocks of this portion of Germany, previously known by the 

* See lome of these forms of Graptolites, p. 61, hy M. Berner, of Sohleits, who, it appears, de- 
and Plates 1. and XII. of this work. teoted Graptolites in these strata many years 

t the Silnrian fossils from this spot figured before the attention of geologists was called to 
in the work of Professor Geinits had been found them. 
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palaeontological labours of Count Munster, have recently been much more folly 
illustrated by Geinitz and Bichter. 

The lands being densely wooded, it is exceedingly difficult to trace any abso- 
lute junction of these Devonian rocks with the subjacent Lower Silurian of the 
Thiiringerwald. That they lie, however, irregularly upon their older neighbours 
is manifest from the faithful delineation of their outlines in Hichter’s geolo- 
gical map, in which the Devonian, or the ^Rothe Grauwacke^ of that author, 
constitutes patches or hummocks only, in relation to a great spread of the more 
ancient rocks* ; and that this is their true position I can affirm from observation. 

The extent to which this Devonian group of Thuringia, Franconia, and 
Voigtland can be paralleled in its details with that of the Rhenish Provinces of 
Prussia is not yet completely ascertained; for, beginning with what is now 
usually recognized as the lowest fossiliferous rock of the Rhine, or the ‘ Spiriferen- 
Sandstein,* I have not been able there, any more than in Russia (p. 364), to 
detect such strata infraposed to the fossiliferous limestones. 

The next question then is, can we even divide the Devonian of this region 
in Central Germany into lower and upper limestones, as is done in Devonshire 
and the Rhenish Provinces ? 

This separation has, indeed, been partially made by Geinitz, who places at 
the bottom of this group certain schists near Ronneburg, which Naumann has 
identified in several other localities. These schists contain Tentaculites Isevi- 
gatus, Romer, and T. subconicus, Gein., with Phacops. Then follow certain lime- 
stones near Plauen, Wildenfels, and other localities, including the well-known 
Elbersreuth, which are also classed as older Devonian. These are characterized 
by Orthoceras interruptum and O. dimidiatum, Munst., Clymenia Isevigata and 
0. linearis, Miinst., Corals, and Crinoids. Then succeed stratified igneous rocks, 
some of which are greenstones, others coarse trappean breccias, and others, again, 
finely levigated ash-beds, occasionally calcareous and undistinguishable from 
the ^ Schaalstein ’ of the Rhine (Plauschwitzer-Schichten of Naumann). Above 
these lies the Clymenia-limestone, properly so called, in which many fossils 
abound, including Goniatites and several species of Posidonomya (P. inversa 
and P. regularis, Goldf., &c.), together with a vast profusion of the little 
bivalved Entomostracan known as Cypridina serrato-striata, Romer. Not 
professing to have worked out the proofs of all these subdivisions, I must say 
that, in those tracts which I have examined, there are no evidences of two 
Devonian limestones, separated from each other by slaty rocks as in England 
and on the Rhine. 


In short, I have nowhere seen in Saxony, or the adjacent district^, a full re- 
presentative of the Eifel Limestone as characterized by its Stringocephali, Cal- 
ceolae, &c., overlain by another which represents the Clymenia-rock of England 


* See Beitra^ zur PalHontolc^e des ThUringer- 
Waldes, von Bernhard Bichter (Dresden and Leip- 
sic, 1848) ; and Die Versteinerungen der Grau- 
wa^en>Formation in Sachsen, &c., von Hans 
Bruno Geinitz (Leipsio, 1853). In the first part of 
his able work, Professor Geinitz describes and 
figures many species of Graptolites,before referred 
to, p. 883 ; and in the second he adds to these the 
followi^ Silurian fossils: — Nereograpsus tenuis- 
simus, Emmons ; Orthoceras Brongniarti, Troost ; 
O. tenue, Wahlenberg; Leptooheles (Ceratiooa- 
risP) Murohisoni, Agass. ; Tentaculites tenuis. 
Sow.; Pterinea Sowerbyi,M‘Coy; Nuoulalavata, 
Hall ; a Oytherina (?), and Orthis oallaotis, Dalxn. 
These fosculs, however, are very obscure, and their 
identification therefore doubtful. In the Devonian 
rooks he describes one genus of Trilobite (F^* 
oops) only, of chambered shells 24 speoieB (in- 


cluding Orthoceras, Gomphooeras, and Cyrtooe- 
ras), Cl;pienia 6, Goniatites 4, Gasteropoda 8 
species, JjamellibranchB 24 species, Braohiopods 
11 (including the universal Atrypa retioulariin, of 
Crinoids 9 or 10 species, and about 11 kinds ^ 
Corals are also enumerate. 

Several other Braohiopods are described by 
Bichter in a more recent paper (* Thfiringuohen 
Schiefergebii^e.' Zeitsohr. deuts. geoL Paella. 
Jahrg. 1866), where no less than ^elve species 
identical with our Wenlock and Ludlow shells 
are mentioned, besides the well-known Bivalves 
Cardiola interrupta and 0. striata. They are Spi- 
rifer plicatellus, Spirigerina ^thyriO ol>ova^ 8p. 
(Atrypa) retioulatusAtrjpa Grayii, Ahynohonella 
defiexa, Orthis callactis, O. oallignunma, Stropho- 
menapeoten, St. imbrex, Leptssna laevigata, L. lata, 
and OrbiouloideaForbesii. 
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(the Examenzel-Stein of the Rhine)* M. Geinite, however, has detected in 
the strata inferior to the Cypridina-schists the following fossils, all of which 
are found in the Eifel Limestone: — ^Favosites cervicomis, Edw. and Haime; 
Stromatopora concentrica, Goldf. ; Fenestella subrectangularis, Sandb. ; Produc- 
tus subaculeatus, Muich. ; Chonetes minuta, de Kon. ; Atiypa reticularis, Linn. ; 
Terebratula (?) elongate, Schloth. ; and a large species of Phacops. But, as 
towards the end of this Chapter we shall in^cate that those two calcareous 
masses which are so clearly separated in some districts are nearly brought to- 
gether in others, it is possible that the divisions partially indicated through 
tiieir fossils by Oeinitz may be established in Voigtland, and the igneous tuff 
(Schaalstein) of Plauschwitz and other places may, as he believes, separate 
these two rocks. 

However this may be, the ascending order, in sevend localities, is clear, from 
a highly fossiliferous and nodular limestone, laden with Cypridinse, Clymenioe, 
Goniatites, and Orthoceratites, and wliich is clearly Upper Devonian, into asso- 
ciated strata in which Land Plants begin to appear. The Devonian limestone is 
surmounted by a copious accumulation of sandstones and schists, occasionally 
siliceous — the ^ Jiingste Grauwacke ’ of Geinitz, charged with teirestrial vege- 
table remains. These are sometimes followed by the Carboniferous Limestone 
or < Kohlen-Kalk ’ with its large Producti, and by other strata containing a 
different series of Land Plants. 

Such an ascending order is seen at Hof, on the right bank of the Saal, be- 
tween the town quarries, replete with Cypridinae, and an overlying coralline 
limestone. This succession is still clearer between Gattendorf and Troguenau, 
the intervening space between the Clymenia-limestone (Upper Devonian) of 
the former and ^e Productus-limestone (Carboniferous) of the latter being 
occupied by ferruginous grauwackd with traces of Plants, and by a mass of 
^ Kiesel-Schiefer,^ which there occupies the same place as the rock so called 
by the geologists of the Rhine count^*. 

Again, in the gorge of the Saal, near Saalfeld, the cliffs (which Richter has de- 
scribed in a published section t) expose a magnificent mass of limestones, charac- 
terized throughout by Cypridina serrato-striata, Sandb., and C. calcarata, Richt., 
with other Upper-Devonian types, but which offer no evidence whatever of a 
second limestone between them and the Lower Silurian rocks. Here the same 
geologist has detected Phacops latifrons, Bronn, P. granulatus, Posidonomya 
minu^ and P. intercostalis, Rom., with trails of worm-like animals. Here 
also (no igneous rocks appearing) the ascending order seemed to me to be clear 
and unequivocaL In spite of the dominant slaty cleavage, the planes of which 
dip to the north-west, the Cypridina-limestones, after those fine convolutions 
wUch render the gorge so picturesque, are seen to pass under the mass of red 
rocks, or ^Rothe Grauwacke’ of Richter J, the whole being covered uncon- 
formably by terraces of 2^ch8tein. 

The lower part of this reddish sandy and schistose flagstone is interlaminated 
with the Cypridinen-Schiefer, the mass of which immediately succeeds to the 
limestone ; and from this point the beds begin to contain Land Plants, which 

* Mncfa ooafofion may arise in comparing the tionably on the parallel of the ao-oalled ‘ Kieael- 
looal deaoriptiona of German geologista, firom the Schiefer ' of the Pmaaian and Heaaian geologists 
nae of mineral terms iH >plied to rooks. Thus, in — 0 . of the date of the Lower Oarboniferous for- 
this region of Thnrinf^ and Bazony, *Kiesel- mationa. 

Boihiefer/ which here uanally designates some of t Beitr. Palttont des ThUringer-WaldeSy pi. 1 : 
the older Bilorian schists and also some Deronian Dresden, 1848. 

beds, might be sti^r ajmlied tr> the flinty aohis- I I convinced M. Bichter of this fhot, by closely 

toae strata overiying the Ojrpridina-limestone and sorutinuiing the aection in company with aim. 
its greywaokfe near Hof, and which are unques- 
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augment in quantity and size in the overlying or younger strata. These consist, 
first of reddish and grey, and then of greenish shale, of considerable thickness, 
which on the right bank of the Saal extend from the cliflfe of Bohlen by the 
Pfaffenberg to the Kleitsch Hill, and finally, at the foot of the Rothenberg, are 
surmounted by ferruginous micaceous flagstones, containing a great quantity of 
fossil Plants. I direct particular notice to this section, because it exhibits, more 
clearly than any other known to me, the extent jio which the Land Vegetation 
augments as we ascend in the Devonian rocks. 

The lowest Plants, as discovered by M. Richter in the Cypridina-schists, con- 
sist, according to Professor Unger, to whom they were referred, of many species 
belonging to new or undescribed genera, and even to new families. Some 
of them are considered to be intermediate between Ferns and Equisetaceie ; 
others seem to be primitive forms of Cycads and Conifers, possessing characters 
of which (says the Professor) no one has as yet had an idea ; and one presents 
such a singular organization, that he terms it the ‘ prototype of the Gymno- 
sperms ’ 1 This is the genus Aporoxylon of Unger, a Coniferous Tree which 
has only simple wood-cells, without the disks usual in plants of this order. In 
some of these Cpnifers the resin even has been preserved. The above are figured 
in his important memoir *, where also are enumerated from the same beds : — 
several species of the Calamitese — of the genera Haplocalamus, Calymma, Cala- 
mopteris, Calamosyrinx, and some of a more solid structure (Calamopitys) j a 
few forms of the genera Cyclopteris, Sphenopteris, Dactylopteris ; besides seve- 
ral genera founded on the stems of plants. There is also a Lepidodendron, L. 
nothum, probably identical with one from Caithness (see p. 269, Foss. 73. f. 4). 

This section is still further interesting in demonstrating a passage upwards 
into other and overlying beds beneath the Rothenberg — ^viz. into the micaceous 
sandstones and flagstones, which, account of their flora, must be classed with 
the Lower Carboniferous rocks. Such, for example, are Calamites transitio- 
nis, Gopp., Megaphytum (Rothenbergia) Hollebeni, Cotta, with Knorria, &c. 
(plants which are well known in the Rhenish Provinces of Prussia, where they 
invariably occupy the Lower Carboniferous rocks, and never occur, like the 
group above mentioned, in the Devonian, properly so called). Here, then, on 
the edge of the Thuringerwald, M. Richter has collected data to prove, by fossil 
Plants alone, a succession from the Devonian to the Carboniferous period. 

Having called the attention of that author, on the spot, to the importance of 
applying these facts respecting the distribution of fossil Plants to the tracts 
between Saalfeld and Schleitz, in parts of which such remains were for the first 
time observed in one of my excursions t, I learn from him that he has con- 
siderably extended the area which is occupied by the Lower Carboniferous rocks 
in that country, as defined by its terrestrial vegetation. In fact, the ground 
between Saalfeld and Schleitz is all laid down in the geological maps of Saxony 
under one colour, or as ‘ older grauwack^ ’ ; whereas a very large portion of it 
must now be assigned to the Lower Carboniferous formation. When will my 
valued friends, the mineralogists and geologists of Germany, abandon a word 
which has led to such endless confusion ? I cannot but regret that a work of 
such ability as one issued by Geinitz should bear the title of the ^ Fossils of 
the Grauwack^-formation,’ under which name he groups together a vast series, 
including Silurian, Devonian, and even Carboniferous rocks. 

« ^Beitrae ror FaUlontolojpe des Thtiringer- t The obsenration was made hj M. Biditer and 
Waldes ’ by B. Biohter and Frans Unger, in Baron von Baombaoh, in company with Professor 
Denksohr. der Math.-lfat Classe der kaiserl. Morris and myself, 
der Wissensohaflen an Wien, vol. xi. 1866. 


9 c 9 



SILUEIA. 


[Chap. XV. 


Plant-bearing rocks also occupy a considerable strip of elevated country at 
the southern extremity of the Thiiringerwald between Sonneberg and Teusch- 
nitz ; and they occur in abundance in the gorge of the Steinach Kiver, north 
of Koppelsdorf. As they offer a good ground for geological demarcation, I 
strongly urged M. Credner to distinguish his ^ Jiingste Qrauwacke * from all 
its older associates which bear that unmeaning family name. As it will, of 
course, require much accuracy^of local observation to draw the line between the 
plant-bearing rocks of Devonian and those of Carboniferous age, it will best 
become the progressive state of science not to attempt to draw any rigorous 
line between them, but to shade off on a map the colour of one rock into that 
of another, thus imitating the succession of nature, in which there can be no 
error. 

Such is an outline of the Palaeozoic succession of the last-mentioned 
diversified region of Central Germany, the complete elaboration of which 
calls for the full employment of the able men who are occupied in work- 
ing out its highly interesting features. A slight allusion only has been 
made to the south-eastern flank of the great undulating trough of Plauen, 
Schleitz, and Hof ; for, although Naumann and his associates have shown 
in their maps that older and more cr} stalline rocks appear, we have yet 
to learn how much of their ^ primary clay-slate,’ or ‘ Ur-Thonschiefer,’ is 
to be grouped with the lower members of the series we have been con- 
sidering. Other inquirers may seek to ascertain to what extent many of 
these ancient schists and slates, evidently of sedimentary origin, have been 
converted into mica-schists, and even into the metalliferous * gneiss,’ amid 
which the illustrious Werner taught his lessons at Freiberg, 

It would seem presumptuous that a passing geologist should here hazard 
an opinion antagonistic to long-received ideas : still I venture to state that 
much of the so-called ‘ primitive gneiss ’ in the plateaux around Freiberg 
is of a very different age from that of the Laurentian gneiss of America, 
Scotland, Bavaria, and Bohemia. I would indeed suggest that those por- 
tions of it which are separated by wayboards, and exhibit several of the 
features of bedding and jointing of aqueous deposits, will, like the quartzites 
and mica-schists of the north-western region of Scotland (p. 169), prove to 
be of no higher antiquity than some of the Lower Silurian formations. 

In the meantime, if we reason upon the fact that no Upper Silurian 
rocks exist here (abstracting from that category certain graptolite-schists, 
which may be considered their base), we may surmise that this region was 
raised above the waters and constituted dry land during a long period, 
and was afterwards depressed to great depths to receive accumulations of 
the Devonian era, at a period when, and in localities where, the bottom of 
the sea was powerfully agitated by volcanic action. 

This country also contains clear evidences of a phenomenon' to which 
Professor Sedgwick and myself called attention in 1839 — namely, that 
whilst the ‘ older grauwackd ’ (now known to be Lower Silurian), together 
with the Devonian and Lower Carboniferous series, have partaken of the 



OiiAP. XY.] 


PALAEOZOIC ROCKS OF OBRMANY. 


same moyements of elevation, contortion, and dislocation, all these lower 
rocks have been abruptly separated from the Upper Coal-strata. 

This great physical rupture, which pervaded Germany and France, and 
has been duly noticed by M. Elie de Beaumont, has, however, its well- 
defined limits even in Europe ; for, grand as it may be, the phenomenon 
is local only, and has not extended to Bussia on the east, or to Britain on 
the west. 

The reader must also be reminded that the region of Central Germany 
which has been most adverted to exhibits clearly the intimate dependence 
of physical outline on eruptive igneous agency. In the Thiiringerwald, 
and, as will presently bo shown, in the Harz, all these older rocks, termi- 
nating with the Lower Carboniferous strata, which have the original im- 
press of a strike from N.E. to S.W., W’ere so affected by the grand erup- 
tions of porphyry and other igneous masses which prevailed in the earlier 
part of the Permian era, that both chains then accjuired directions at right 
angles to the original strike of their oldest strata. 



390 


SILUBIA. 


[Chap. XVI. 


CHAPTER XVI. 

PALEOZOIC BOCKS OF THE HABZ, THE EHENISH PBOVENCES OF 
PBUSSIA, AND BELGIUM. 

UPPEB SILURIAN, DEVONIAN, AND CARBONIFEROUS ROCKS OP THE HARZ. — DEVONIAN AND 

CARBONIFEROUS ROCKS OP THE RHINE AND ITS AFFLUENTS. — DEVONIAN AND CARBONI> 

FEROUS DEPOSITS OP WESTPHALIA AND BELGIUM. 

In advancing westwards from Central Germany, by the Harz *, to the 
Rhenish Provinces of Prussia, the geologist loses all traces of the Lower 
Silurian rocks of Bohemia, Saxony, and the Thiiringerwald ; whilst, with 
a little Upper Silurian, the Devonian and Carboniferous deposits become 
vastly more expanded. Yet, with this absence of the oldest fossiliferous 
strata, the regions under consideration present as venerable an exterior, 
and contain rocks possessing quite as crystalline a structure, as those of 
which we have just taken leave. For, if we first glance at the range of 
the Harz — ^that shrine at which many poets have worshipped Nature in 
fantastic forms, and where the German geologist long regarded his old 
‘Grauwacke’ as a mass the order and age of which could never be 
defined, — ^its chief portions were first ascertained by Sedgwick and my- 
self t to be of no more remote antiquity than the Devonian era. 

The giant Brocken itself, sanctified by many an ancient legend, is a 
mere upstart, compared with the surrounding eruptive masses, which dis- 
turbed the bottom of the primeval sea. That mountain is composed of 
two kinds of granite, which, having burst forth long after the slaty rocks 
of Carboniferous age had been accumulated, has through ages of decom- 
position been arranged into those chaotic piles or ‘ Felsen-Mecre,’ so gra- 
phically described by Leopold von Buch. Again, subsequent outbursts of 
I)orphyry, during the accumulation of the Permian deposits, were also 
manifestations of the subterranean forces which produced the last great 
elevation of the Harz, and gave to the chain as well as the surrounding 
Secondary formations their present outline; for, unlike the prevalent 
north-east and south-west strike of the older rocks in most parts of Eu- 

* I firat viflited the Harz in 1830, and zecondly Morris was my companion (see Onart Jonm. 
in 1839, — on both occasions in compainr with Prof. Geol. Soc. Lond. vol. xi. p. 409) ; and my last ex- 
Sedgwick ; and the general order or the chain, cursion to the same tract was in 1857* accompanied 
which we published in 1839, has proved substan- by Prof. Bupert Jones. On my own part I am 
tially coring— suUect always to that reformed bound to state that the doubt expressed in a 
interpretation of the exact relative value of the note, p. 362, of the first edition of this work, con- 
various scjdimentary rocks which is now implied cerning the existence of Upper Silurian rooks in 
to this tract and the Bhenish Provinces. By re- the Harz, halt now been removed, and that, in any 
ferring to that instructive work, the ‘Palasontogra- fresh issue of the Geological Map of Europe, 1 
phica^ of Bunker and Hermann von Meyer, the will endeavour to represent (if tne small scale 
reader, in obtaining much information respedii^ admit of it) the existence of Silurian as weU 
the fossils of the Harz, as described by Adou as of Devonian and OarlxmiferouB rooks in the 
BiJmer, will perceive, at p. 71, vol. ii. part 2, Harz. 

how inverted and oonAued the older of succession t See Trans. Geol. Boo. Lond., 3nd ser., vol. vi. 

appears. My next visit was in 1864, when Fr^ pp. 283 &o. 
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rope^ the geographical direction of the Harz is from north-west to south- 
east ; and thus, like that of the Thliringerwald, as before noticed (p. 314), 
its appearance upon a map is not derived from its ancient mineral nucleus, 
but from the unconformable and enveloping younger strata. 

Just as many of the slaty fossiliferous rocks and limestones of the Harz 
are known to be of the same age as those of Devonshire (the Coccosteus 
of the Scottish Old Red having been found associated therewith), so 
another suggestion * of Sedgwick and myself has been verified, and the 
rocks of these eastern hiUs are now proved to be of older date. In the 
tracts around Harzgerode, and in spots near Hsenburg, as well as in the 
Lauther-Thal in the Western Harz, fossils have been found by M. Bischof, 
M. Jasche, and M. Adolf Romer which leave no doubt that these districts 
are occupied by Upper Silurian rocks ; and, although the fossils of these 
tracts are nearly all of species unknown in Britain, they belong, as a 
whole, to Barrande’s uppermost Silurian zone of Bohemia. 

Having elsewhere shown t the general relations of the strata which I con- 
sidered to be of Upper-Silurian age in the Eastern Harz, I would only add 
that, on revisiting that tract in 1857, accompanied by Professor Rupert Jones, I 
was confirmed in the accuracy of that view. It is, I reaffirm, quite true that 
the schistose rocks with intercalated fossiliferous limestones near Magdesprung, 
Harzgerode, and Alexis Baden rise out conformably from beneath a vast 
thickness of superincumbent strata which, ranging towards Blankenrode, and 
dipping to the east, must be considered of Devonian age. 

The fossils of these imderlying rocks, many of which had been previously 
figured jby Ad. Romer J, have been recently well compared and identified by 
C. Giebel of Halle §. They consist, according to the latter, of Trilobites of the 
following eight genera — ^Harpes, Proetu8,Cyphaspis, Phacops, Dalmania, Lichas, 
Acidaspis, and Bronteus. On the whole, these Crustaceans, though bearing a 
very close resemblance to those of the Upper Silurian of Prague, are not, in 
GiebeTs opinion, absolutely identical. An Orthoceras and a Serpulite are 
also of new species. The genus Acroculia gives 13 species ; Tent^ulites, 2 
species ; Pterinea, 2 species ; Lima, Venus, and Ctenodonta, each 1 species ; Spi- 
rifer, 9 species ; Atrypa, 2 species j Rhynchonella, 8 species, including the w^- 
known Rh. Wilsoni; Pentamerus, 3 species, including P. Knightii, Sow,, 
and P. galeatus, Dalm. ; Orthis, 3 species ; Strophomena depressa, Dalm., and 
another species ; Leptssna, 5 species ; Ohonetes, 1 species ; Discina, 3 species. 
The Crinoids are Actinocrinus Issvis, Mill., and a Rhodocrinus. The Zoo- 
phytes are of the genera Aulopora, Pleurodictyum (?), Palseocyclus, Cyatho- 
phyllum, Alveolites, Dania, Chsstetes, and Beaumontia, with Graptolithus and 
Retipora. Besides these fossils, three undescribed species of Fishes and three 
or four species of Plants are enumerated, one of which is of large size ; but 
whether these latter are of land or marine origin has not been determined. 

In his conclusion respecting the age of the ninety-six fossils which he specifies, 
M. Giebel makes the following classification. Of decided Devonian species, or 
those known in other places, there are five species only, and two others which 
are common to Silurian and Devonian ; whilst eighteen are identified as Upper- 

* Trans. Gheol. Soo. Lond. ser. 2.yol. yi. p. 800. $ Zeitsohrift fUr die eesamxnten Natnrwissen- 

t Quart. Joum. Geol. Soo. Lond.yoL xi. p. 431. sohaften, Jan. 1858, no. 1 : Halle. 

i Bunker und yon Meyer’s Palteont. yol. ii. 
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Silurian i^ped; cldefly those of Bohemia. When we add to these data the 
striMng fact that a Graptolite has been found by M. Bischof in the slaty schists 
east of Harzgerodo; and that M. Ad. Ecimer has detected Graptolithus priodon^ 
Bronn, with other species of that genus in the slaty schists of the Western 
Harz and in other parts *, there can no longer be any doubt that, although their 
limi ts are not yet defined on any map, the Upper Silurian rocks have a real ex- 
istence in this chain. A large portion, therefore, of the tracts laid down as 
^Culm’ in Adolf Bomer’s Geological Map of the Harz must, as that author 
has candidly stated, be changed to Silurian, whilst other parts of this so-called 
^ Culm ' will pass into the Devonian group. Besides the underlying Upper 
Silurian rocks, the hill of the Rammelsberg near Goslar is known to be of 
the oldest Devonian age -(Spiriferen-Sandstein), whilst the limestones and 
iron-ores around Elbingerode, and certain masses in the Lauther-Thal, at Abte- 
nau &c., are proved by their fossils to be of the Middle-Devonian or Eifelian 
age t- These are succeeded, first by Upper Devonian, and next by slaty masses 
formerly included in the ‘ Grauwack^ ’ of the Germans, but which Sedgwick 
and myself first identified with the Lower Carboniferous of Britain, and notably 
with the Culm of Devonshire. Referring to our old memoir J for the estab- 
lishment of that identification, I may say that many years must still elapse 
before the demarcation between these deposits can be even approximately de- 
fined in a region so replete with disturbances, and in which fossils are detected 
at wide intervals only. 

In truth, through the combination of many disturbing causes, the chain of the 
Harz has literally been riven into detached fragments, the relative age of which 
can very rarely be proved by order of superposition, and can be interpreted only 
through a close examination of the organic remains of each broken mass. In 
the Rhenish Provinces, on the contrary, though large portions of their strata are 
infinitely contorted and broken, and sometimes even inverted, the Northern or 
Westphalian frontier exhibits a perfect and complete succession of formations 
in their normal and ascending order. The reader’s attention will therefore be 
now directed to that region. 

PalcBOzoic Boclcs of the Rhenish Provinces of Prussia, and of Belgivm , — 
The convoluted and broken rocks presenting such an antique slaty aspect, 
and, crowned with castles, forming the chief features of the gorges of 
the Rhine and the Moselle, exhibit nowhere any fossiliferous band so old 
as the Upper Silurian of the Harz. This remark applies to all the terri- 
tory on the right bank of the Rhine, from the Taunus Mountains on the 
south-east, to the Coal-fields east of Diisseldorf on the north-west, and 
also to a large portion of Belgium. This vast tract of formerly undi- 
vided ^ Grauwacke,’ including the Duchy of Nassau, and having its northern 
frontier in Westphalia, is bounded on the east by the Secondary rocks of 
Hessia, which range southwards by Marburg and Giessen to Frankfort. 
On the left bank of the Rhine, the same upward succession occurs between 
the Lower Devonian rocks of the Hundsruck on the south-east, and the 
Coal tracts of Aix-la-ChapeUe and Belgium on the north-west. It is only 
by deflecting westward into the mountainous tract of the Ardennes, that 

* * G-raptolithen am Hane, von Prof. Pr. Ad. t See Quart. Joum. GeoL Boo. Lond.vol.xi. p.489. 
Burner/ Leonh:ird und Bronn'e liTeues Jahrbuoh, j See Sedgwick and Murchison, Trans. Geol. 
1856, p. 640, plate vii. Soo. Loud. ser. 2. vol. vi. pp. 235 &o. 1839. 



Oiup. XVI.] 


DEVONIAN ROCKS OP THE RHINE. 


we meet with those older slaty rocks, rising from beneath all the other 
deposits, to which allusion will presently be made. 

Although this view of the age of the Rhenish strata has for some years 
prevailed among scientific men, it is right to explain how it has hap- 
pened that the English geologists ♦ who, in the year 1839, applied to these 
Rhenish rocks the classification they had worked out in their own country, 
and thus changed the views of their precursors, should in their turn have 
seen reason to admit the value of certain important corrections made by 
their successors. 

The clear general views of the Nestor of continental geologists, d’Omaliusd’Hal- 
loy t; the remarkable work and map of Dumont, as well as the previous labours 
of Prussian geologists, including the maps of Leopold von Buch, Hofl5nann, 
von Dechen, and von Oeynhausen, unquestionably led the way in the succes- 
sion of efforts through which our present knowledge has been obtained. After 
the publication of the above works, Professor Sedgwick and myself endeavoured 
to show that, like Devonshire and Cornwall, the Rhenish Provinces contained a 
great mass of those strata, intermediate between the Silurian and Carboniferous 
deposits, which we had called Devonian — the equivalent of the Old Red Sand- 
stone of Scotland and Herefordshire. Our cotemporaries have admitted that in 
our excursion of one long summer in Germany Sedgwick and myself succeeded in 
proving the existence of such an intermediate series in Belgium, Prussia, Fran- 
conia, and the Harz, and also in showing how on the right bank of the Rhine 
the ‘ Uppermost Grauwack^ ’ was divisible into Lower Carboniferous and Upper 
Devonian rocks. Misled, however, by our interpretation of some of the lowest 
fossils (for at that time the Lower-Devonian forms were only partially known, and 
those which had been obtained were not rigidly examined), we adopted the belief 
that the Gower fossiliferous grauwackd,^ or that which has since been called the 
^Spiriferen-Sandstein^ of the Rhine, might be an equivalent of the uppermost 
Silurian. I have, however, for a very long time been convinced, through the palm- 
ontological labours of Ferdinand Romer and the brothers Sandberger, that the 
types of the lower Rhenish subdivision are quite distinct from those of the Lud- 
low rock, and even of the Tilestones, and are in perfect harmony with the lowest 
Devonian group of other countries. In admitting this amount of former misap- 
prehension, let me say, however, that the sections by Sedgwick and myself, re- 
presenting the succession of the mineral masses, have all proved to be correct. In 
the superior portions of the group, however, now recognized as Devonian, the 
geologists and paleontologists of Prussia, Nassau, and I^lgium have made sub- 
divisions, both mineralogical and zoological, which it is essential to notice. 

In two recent visits to my old ground, it is satisfactory to have ascertained 
that all the knowledge acquired sinCe 1839, when our first survey was made, has 
but confirmed and completed that identification of the rocks of the Rhenish 
Provinces with those of Devonshire which was then proposed by my colleague 
and myself ; for it now appears that not some only, as we thought, but all the 
Palaeozoic strata of Devon have their equivalents on the banks of the Rhine and 
in Belgium 5 so that, starting from the North Foreland of the Bristol Chan- 
nel, and ascending into the heart of the culm- or coal-fields of Devon, as de- 

* See Sedgwick and Murchison, Trans. Geol cium prepared by M. d'OmalluB d’Halloy in the 
Soo. Lond. ser. 2. vol. vi. p. 211. time of the first Napoleon. 

t See the Geological Map of France and Bel- 
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scribed p. 272, the geologist has really before him the successive representatives 
of the several Bhenish and Belgian deposits. 

The reader who may refer back to the sixth volume of the ^ Trans. Geol. Soc. 
Lond.’ p. 262, will therefore understand that all the Khenish ground which is 
described or coloured in the map and sections as ^Upper Silurian ’ was soon after- 
wards classed with the Devonian rocks. In their atoirahle descriptions of the 
Devonian fossils, MM. d’Archiac and de Vemeuil have but to add the one plate 
of the so-called Silurian fossils to their thirteen plates of true Devonian types, 
and all the general features of our labours are in agreement with the latest ob- 
servations. 

In truth, if the field-geologist makes his survey faithfully, and establishes a cor- 
rect order of superposition, his physical facts will eventually be found to coincide 
with the zoological evidence. Of this the Bhenish Provinces and Belgium have 
aflbrded the best illustrations ; for, notwithstanding the opinion of my distin- 
guished cotemporary, the lamented M. Dumont, who too much undervalued fossil 
evidence, it is essentially the study of organic remains which has led to the clear 
subdivision of the vast mass of older rocks which were there formerly merged 
under the term ^Grauwack^.’ The authority of M. de Koninck will be cited 
in the sequel in support of views similar to my own. 

Ascending Series in the Bhenish Promnces and Belgium. — The slaty masses of 
the Ardennes, or the oldest rocks of the region le Terrain Ardennais ’ of Du- 
mont), may be considered Lower Silurian j for, though their fossils are very 
rare and obscure, they are unconformahly surmounted by the lowest Devo- 
nian strata, thus leaving no place for the Upper Silurian rocks, 

M. Hubert *, indeed, has shown that certain fossils (for the most part very im- 
perfect) of the rocks in which I formerly observed Homalonoti and traces of 
Shells, then thought to be Silurian, are similar to those of Nehou in Normandy, 
and hence that the beds immediately covering the fossil-bearing slates of the 
Ardennes are really the base of all the Devonian rocks. This conclusion is in 
unison with the belief expressed to me by my distinguished Mend H. von 
Dechen, so competent a judge of the relative age of all the rock-masses of this 
region, and, as will presently be seen, is amply sustained by M. de Koninck. 

Neither in the gorges of the Rhine between Bingen and the mouth of the 
Lahn, where the rocks have been highly contorted and much subjected to 
slaty cleavage, nor in the quartzose ranges of the Taunus and the Hundsriick, 
has any one been able to detect true Silurian fossils. On the contrary, the 
identification of the limestone of Stromberg on the south edge of the Ilunds- 
ruck with the Eifel Limestone t, and the discovery by Fridolin Sandberger 
of certain fossils (by no means lowest-Devonian species) along the northern 
edges of the Taunus, have substantiated the views originally embraced by 
Professor Sedgwick and myself. Commencing our inquiry, however, where 
the order of superposition, aided by pal»ontology, difiuses a clear light, we find 
in the Bhenish countries the following ascending series of the Devonian rocks 
properly so called : — 

L(mer Devonian or ‘ i^riferen-Sandstein/ and Wissenbach SlateSj ^c, — Slaty 
schists, with interpolated sandstones and quartzose rocks, with a rare trace of 
impure limestone, rise up in numerous folds from beneath all the adjacent strata 
in the gorge of the Bhine between Coblentz and Caub. This is the ^ Aeltere 
Bheinische Grauwacke ^ of F. Bomer, the ‘ Spiriferen-Sandstein ^ of Sandberger, 

* Bee Boll. Boo. Gt€o\. de Tnsaoe, deux. t Ferdinand BOmer and Fridolin Sandberger 

Tol. xil. p. 1105. agree in this opinion. 
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and the ' Systdme Bh4nan ’ of Dumont This mass being on the whole very 
schistose, and having a very pronounced transverse slaty cleavage, the true un- 
dulations of the beds can recognized by practical geologists only; still the 
distinction between cleavage and stratification is clearly to be seen. 

These rocks contain many remarkable fossils, among which may be noticed 
the large and broad-winged Spirifers Sp. hystericus and Sp. speciosus, Tere- 
bratula Archiaci, many species of Pterinea, some Orthides, especially O, cir- 
cularis, Leptsana plicata, Chonetes semiradiata, Sow. (0. sarcinulata, Schloth. P), 
Pleurodictyum problematicum, Phacops (Cryphseus) laciniatus, Ph. latifrons, 
and both smooth and spinose species of Homalonotus — ^H. Ahrendi and H. 
armatus, &c.* 

According to all the Prussian geologists, the thin band of theWissenbach Slates, 
with its numerous small pyritized Orthoceratites and Goniatites, the chief of 
which are Orthoceras (Bactrites) gracile, and Goniatites compressus, overlies the 
Spirifer-sandstone. In admitting that the fauna of this slaty band is rather pe- 
culiar, MM. Sandberger affirm that it contains from eight to ten species like those 
of the Spirifer-sandstone j among which are Ctenodonta solenoides, Goldf., Pha- 
cops laciniatus, Rom., and P. brevicauda, Sandb. Thus, by means of their im- 
bedded organic remains, a natural union subsists between these two rocks, 
which in the Rhine country constitute the Lower Devonian f. 

This Lower Devonian mass — at least, all that portion of it which is charac- 
terized by broad- winged Spirifers — ^was long ago recognized J as extending 
largely over the Prussian Provinces on the left bank of the Rhine, which are 
watered by the Moselle, the Lieser, and the Ahr. Spreading over vast tracts 
east and west of Coblentz, it comprises the Systeme Ooblentzien and Systems 
Ahrien of Dumont; for the very same fossils pervade both these districts 
watered by the Rhine and the Ahr, and the distinction attempted to be drawn 
by the eminent Belgian geologist between these two so-named deposits was 
founded on mineral distinctions only. 

Middle Devmian of the Rhine (^Eifel Limestone’ and * Younger Rhenish Grau- 
wackd ’ of Ferd. Romer ; ^ Lenne-Schiefer ’ of von Dechen). — The strata suc- 
ceeding to the Lower Devonian on the right bank of the Rhine, like the pre- 
vious beds, consist of schists and sandstones; but lenticular-shaped masses of 
limestone prevail at intervals. They there occupy a wide tract which is watered 
by the Agger, Vohne, and Lenne. The Lenne-schists of von Dechen, as laid 
down in the splendid new geological map of the Rhenish Provinces, occupy a 
broad tract of country, particularly on the right bank of the Rhine. After 
various undulations, and with many associated bosses of erupted igneous rocks, 
these strata, which are charged with much iron-ore, plunge on the right bank 
of the Rhine under the great band of limestone which, ranging by Mberfeldt 
and Schwelm to Iserlohn, and appearing also at Pafirath and Refrath near 
<^ologne, is the well-known equivalent of the chief or upper band of the Eifel 
Limestone. A laborious examination of the coimtry by M. Ferd. Romer led, 
however, to the separation of these strata from the lower division or the ^ Spi- 
riferen-Sandstein,’ and has shown that they are united with the Stringocephalus 
or Upper Eifel Limestone which covers them. It has, in short, been found that, 
whilst they contain few species in common with the underlying rocks, they are 

* The Homalonotns Hersohelii, * Sil. Brst./ a ser. 2. vol. vii. p. 204.) 
fossil formerly sent to me from the Cape oi Good t In the Canb Slates, which are intercalated in 
Hope by Sir J ohn Hersohel, and all the spinose the sandstones of the lower diyudcm, the MM. 
forms of this genus, are now known to belong to Sandberger have found Phacops laciniatus, with 
Lower Devonian and not to Upper Silurian rooks. F. latifrons, Homalonotns planus, and some Or- 
Sandberger in Neues Jahrb. 1852, p. 581 ; and thoceratiteB. 

essrs. Sharpe and Salter in Trana Geol. Boo. | Trans. GeoL Soo. ser. 2. vol. vi. p. 280. 
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laden with fossils of the upper limestone. Hence the Prussian* geologists, 
yon Bechen, P. Homer, and Girard, have delineated these strata separately on 
exquisitely finished geological maps of the Hhenish Proyinces of Prussia, the 
result of infinite research, applying to these rocks the name of * the Agger and 
Lenne group ’ *. This subdiyision is another of the many proofs which patient 
inquiry has brought forth to demonstrate that it is not possible to form correct 
geological groups by appealing to mineral characters and superposition only. 

It is now Jmown that the ^ Agger and Lenne group ’ is identical with those 
schistose courses on the left bank of the Rhine which, chiefly underlying 
the Upper Eifel Limestone, ore known as the ^ Calceolen-Schiefer.* There they 
are characterized by the presence of the Calceola sandalina, Cryphssus (or Pleu- 
racanthus) punctatus, Cr. stellifer, Spirifer cultrijugatus, Sp. speciosus, Cyrtina 
heteroclita, and many other fossils which are common both in the Eifel country 
and in some of the limestones of South Beyon. In following these formations 
into Belgium, a similar order of superposition is found to preyail. 

Chief Eifel limestone . — This is the great central calcareous mass which gives 
to the Bevonian rocks their dominant and independent characters ; for, whilst 
the Lower Beyonian of the Rhine exhibits, in some of its forms, analogies only 
to the Upper Silurian type, the limestone to which we have now ascended, and 
the approach to which is clearly indicated by the fossils in the preceding strata, 
contains a fauna which is unmistakeably peculiar, and wholly unlike that of the 
Silurian below or the Carboniferous rocks above it. One of the most striking Rhe- 
nish types of this rock is Stringocephalus Burtini, which is mainly characteristic 
of that which is now considered the uppermost band, as at PaflSrath an*d Refrath 
on the right bank of the Rhine. The other prevailing fossils are Uncites gry- 
phus, Bavidsonia Vemeuilii, Spirifer undiferus and Sp. lievicosta, Megalodon cu- 
cuUatus, Lucina proavia, Murchisoma bigranulosa, and the Corals Cyathophyl- 
lum csBspitosum, Favosites polymorphus, Heliolites porosus, &c. 

Laden with a profusion of Corals, Crinoids, and other fossils, many of which 
have been made known through the beautiful work of Goldfuss, it is unneces- 
sary here to dilate further on the numerous organic remains of this limestone, 
many of which are common, as before said, in Devonshire. It may, however, 
be stated that, in the Eifel countiy as well as in the Harz, Coccosteus and other 
Ichthyolites have also been detected, which, as in Russia (see p. 362), serve to 
identify the rock as an equivalent of the central member of the Old Red Sand- 
stone of Britain. Among the organic remains are likewise several types which 
connect this band with the subjacent strata of Spirifer-sandstone, such as Pha- 
cops latifrons, Bronn, and Cryphaeus punctatus, Steininger, with Spirifer spe- 
ciosus, Schlotii., Sp. cultrijugatus, Rom., &c.t 

Upper Devonian of the Rhine (‘ Clymenia/- ’ and ^ Goniatite-limestone,’ von 
^ Buch ' and Mimster ; ^ Cypridinen-Schiefer,’ Sandb. ; ^ Kramenzel-Stein ’ and 
' Flinz ’ with ^Spirifer-Vemeuilii-Schiefer,^ &c., von Dechen). — The researches, 
however, of the able palaeontologists to whom allusion has already been made, and 
those of Prof, de Koninck in Belgium, have led to a clear separation of the lime- 


* This beantiftil Ma^ which consists of 30 
laree sheets, * Geo^ost Karte der Bhein-Frovinz 
una Westphalcn/ is one of the noblest memorials 
of the school of Leopold von Buch, the great 
geological cartographer of the period ; and \i^st 
it does infinite honour to the Director of the 
Surv^ (my eminent and valued firiend, Geheim- 
rath H. von Dechen) and his associates, is also a 


portion of the map had been executed by Dr. Gi. 
rard, now Professor at Halle. 

t Bee the comparative table of Adolf B5mer, 
GeoL Kenntn.Nordw.Harzgebirgcs in Dunker und 
von Meyer’s PalcBonto^l^oa, vol. iii* P* 1» 

Also the memoirs'of MM. Sandberger, V ermine* 
rung. Rhein. Sohichtensyst. : Nassau, 1850. And 
Fria. Bandbei^er, Geol. Yerhhltn. Nassau (with 
map) : Wiesbaden, 1847, &c. These works of MM. 
Sanaberger are full of accurate detail. 
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stones^ more clearly identifying the succession of rocks in these foreign tracts 
with that in Devonshire. M. Adolf Bomer^ for example, divides this upper 
group into the following ascending series : — 1. Eeceptaculite-schists, so ct^ed 
because they are charged with the Beceptaculites Neptuni, Defrance ; 2. Lime- 
stone characterized by Goniatites auris and other species ; 3. Schists with many 
Goniatites, Olymenise, and Cypridinse ; 4. and lastly, Schists containing Bhyn- 
chonella cuboides and Productus subaculeatus, — ^beds which ore paralleled by 
that author with the Upper Devonian strata of North Devon. Lqoking, how- 
ever, at this Upper Devonian division in a broad point of view, as it gene- 
rally appears in Germany, it seems to me to be more frequently characterized by 
the small Crustacean termed Cypridina * serrato-striata, than by any other fossil. 
Where the calcareous courses thin out, and Clymenise and Goniatites, or other 
characteristic Shells, are not persistent, still the minute Crustacean is almost 
everywhere present, often ranging through a considerable succession of beds, and 
giving to them their prevailing zoological character. In each country, however, 
through which this division ranges, it exhibits some peculiar features, though 
in most tracts it is chiefly marked by containing Cypridinse, Clymenise, and cer- 
tain Goniatites. The name, therefore, of ^ Cypridinen-Schiefer,^ adopted by MM. 
Sandberger, who have described so many of the organic remains of this remark- 
able band of rocks, is, I repeat, highly characteristic of it as a whole. 

In Nassau, where the upper limestone is, in some places (as near Weilburg), 
very little removed from the Lower or massive Eifel Limestone, it has only to be 
followed a short distance eastwards to be seen divided from its neighbour by 
copious strata of the igneous rock called * Schaalstein,’ formed of cotempora- 
neous submarine volcanic ejections. 

It is along the northern frontier of Westphalia, however, where all the Devonian 
rocks subside conformably beneath the overlying Carboniferous deposits, that 
they assume an importance which can be well understood only by inspecting 
the remarkable Prussian map before spoken of. There, as is well seen in the 
cuttings of the Bergisch-Mergisch Railroad, the group above the Stringocephalus- 
limestone exhibits, flrst, slaty schists with some thin layers of grey and black 
limestone containing Goniatites retrorsus, — strata which at Nuttlar attain the 
great thickness of 1000 feet Flinz ’ of von Dechen) as micaceous sand- 
stones, often running into concretionaiy forms, as seen at the Rauhe Hardt, 
near Iserlohn. Then appear the reddish schists with Cypridinse and a nodular 
limestone which, from the cavities it weathers into, has been called ^Kra- 
menzel-Stein ’ or ‘ emmet-stone ’ t; the greatest thickness of which is about 200 
■feet. 

It is this nodular Kramenzel-Stein, and the associated schists and sandstone, 
frequently of a reddish colour, which are most charged with Cypridinse and Cly- 
menisB, and they give to the upper group its chief character. When most ex- 
tended, including the schists called ^ Flinz,’ the group has the dimensions of up- 
wards of 1300 feet. This Upper Devonian, in the form of * Cypridinen-Schiefer ’ 
and ^ Clymenien-Kalk,’ as before explained, is much developed in Saxony and in 
the adjacent tracts of Thurin^a and Franconia. (See the foregoing Chapter.) 
The overlying sandy calcareous band with the Spirifer Vemeuilii J terminates 

* Prof. Bupert Jones has pointed ont (Beport name given by myself, in honour of my friend de 
Brit. Assoc. 1863, Trans. Sect. p. 80) that these Vemeuil, to the Spinfer which abounds in the 
so-cfdlcd ‘ Cyi)ridiniE ’ have no claim to the ge- same stratum in the Boulonnais (see Bull. Boo. 
nerio name C^ridina, but belong to Entomis &c. Gdoh de France, ser. 2. vol. xi.p. 252). It is, how- 

t The cavities are freq[uently filled with ants’ ever, the Spirifer diqunotus, having been previ- 
nests; hence this name ^ven by the workmen. ously so named by Bowerby. 

J Von Dechen and his associates have used the 
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(in ascending order) the Upper Devonian of the Rhine and Belgium^ and is dis- 
tinguished bj a separate colour in the Prussian map 

PoltBozoic Bocks of Belgium , — ^The oldest rocks in Belgium are those of the 
^ Syst^me Ardoisier ' of Omalius d’Halloy, or ' Terrain Ardennais ' of Dumont, so 
called from the great development of l^ose slaty quartzose masses which rise 
into the lofty and wild hills of the Ardennes f. These rocks, including the local 
divisions or systems of M. Dumont, called Terrains Devillien,Revinnien, and Sal- 
mien, and even the Gedinnien, or base of the * Terrain Rh^nan’ of that author, are 
now considered by M. de Koninck to be of Lower-Silurian age, seeing that they 
contain only a few imperfect traces of fossils, none of which are of Upper-Silurian 
characters, and also that these slates and grits are uncmformahly surmounted by 
the lowest zone of true Devonian rocks. 

The triple division of the Devonian rocks of the Rhine, proposed in the first 
edition of this work, is found by M. de Koninck to be essentially correct and ap- 
plicable to Belgium, as determined both by superposition and organic remains. 
The lowest beds, consisting of quartzose conglomerates, and exhibiting imperfect 
casts only of Rhynchonella and Orthis allied to species of the earliest Devonian 
age, are followed by schists laden with those fossils which are common in the 
lowest fossiliferous rocks visible on the banks of the Rhine and its tributary 
the Ahr. On this point M. de Koninck agrees with the Prussian geologists 
von Dechen and Ferd. Rdmer, and with myself, that the so-called Systdmes Co- 
blentzien and Ahrien of Dumont are absolutely one and the same deposit. (See 
the Table at the end of the Chapter.) 

Occurring in Brittany and other parts of France, as will presently be shown, 
these beds are represented in North Devon by the rock forming the North Fore- 
land and clifis of Ilfracombe (p. 272) ; whilst, judging from some of the fossils, 
M. de Koninck thinks, with us in England, that they have also their equivalents 
at Hope’s Nose and Meadsfoot near Torquay in South Devon, and at Looe and 
Fowey in Cornwall. 

The same group of fossils has, indeed, a very wide range, and has been recog- 
nized in the Asturias and other parts of Spain, at Constantinople J, and at the 
Cape of Good Hope, if not in Tasmania. This is the zone which is characte- 
rized by the broad- winged Spiriferi Spirifer hystericus and Sp. cultrijugatus, 
and was well termed ^ Spiriferen-Sandstein ’ by Ferd, Romer. The other 
principal fossils are Orthis striatula, Schloth., 0. Sedgwicki, de Vem., Terebra- 
tula Archiaci, de Vem., Chonetes sarcinulata, Hupsch, Pterinea lineata, Goldf., 
Grammysia Hamiltonensis, de Vem., HomaJonotus armatus, Burm., and Pleuro- 
diclyum problematicum, Goldf., &c. M. de Koninck enumerates, in short, 23 
species which are common to Belgium and the Rhine, many of them being also 
Imown in Devonshire ; whilst not one of them has been detected in an Upper 
Silurian rock in any part of the world. Just as in my own Table, the Wissen- 
bach Slates are placed by M. de Koninck at the summit of this Lower Devonian 
division. 

The Middle Devonian of Belgium, or calcareous centre of the series, is de- 

* The PnuMdan geolo^stshaTe even delineated complete hie great work on the Bosphorus and 
on their map three divisionB in this one group, Asia Minor (Asie Mineure : Description physique; 
which in aaoendiv order are : — 1. Fltnz; 2. Kra- 4me Partie, Gdologie, le Partie, 1867). In look> 
mensel'Stein ; 3. Yemeuilii-Sohiefer. iim at the beautifm and instruotiye geoloffioal map 

t In the Prussian geolc^oal map these slates or those regions which he has explored duriim so 
are also CTOuped as Deyonian. many years, I cannot but si^gest that many ox the 

X The fillip proofii that the oldest fossils die- schistose and quasi-crystalline rooks which under- 
ooyered in the enyirons of Constantinople (first lie the Deyonuui rocks of Asia Minor will proye 
noticed by Hamilton and Strickland) are of Lower- to be of Silurian age. At the last Meeting of the 
Deyonian age^^is.of the ‘SystbmeBhdnan* of Bzitish Association at Nottingham it mye ine 
Dumont^-see his Oaj^ Gdologique de TEurope) sinoere satisfaction to dwell upon the high merits 
is to be found in M. de Vememl^^s description of of tl^ excellent work, 
the fossils collected by M. P. de Tohihatcheff to 
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scribed by M. de Koninck as consistmg of several bands. The lowest strata are 
quartzose^ schistose, and calcareous, with partial conglomerates (Bumot), and 
exhibit few fossils; next, limestone laden with true Eifel fossils, including 
Phacops latififons, Bronn, Bronteus dabellifer, Goldf., Cyrtina heterodyta, De- 
france, with Stromatopora, Cyathophyllum, and many other Corals. 

A thin course of Hmestone with Calceola sandalina succeeds, and a suite 
of fossils which occur in the Devonshire limestones of Plymouth, Newton Bu- 
shel, and Chircombe Bridge, and are unknown in France and in the Harz. 
Among these are Phragmoceras pyriforme, Goldf., Cyrtoceras nodosum, Bronn, 
Orthoceras nodulosum, Schloth., Acroculia prisca, Goldf., Bellerophon tubercu- 
latus, F4russ., Lucina proavia, Goldf., Streptorhynchus umbraculum, von Buch, 
Spirifer speciosus, Goldf., Sp. Isevicosta, Schloth., Sp. curvatus, Schloth., 
Rhjmchonella primipilaris, von Buch, with two species of Cupressocrlnus. This 
group, according to M. de Koninck, occurs also in China and Australia. 

The upper portion of the Middle Devonian consists of the limestone with 
Stringocephalus Burtini and other well-known fossils, namely Uncites gryphus, 
Schloth., Megalodon cucuUatus, Goldf., Murchisonia bigranulosa, d’Arch., Ma- 
crocheilus arculatus, Goldf., and Sphserocrinus geometricus, Goldf. In placing 
this bed at the summit of the Middle Devonian or Eifelian group, M. de Koninck 
is in accordance with Ferd. Homer and other Prussian palasontological autho- 
rities. In Brabant, as at Soignies and Ecaussines, it reposes upon the Lower 
Devonian, and is in every respect the equivalent of the limestones of Paffirath, 
Refrath, Miinster-Eifel, and Villmar, in the Rhenish countries. In Devonshire, 
M. de Koninck identifies with this band the limestones of Bradley, Babbacombe, 
and Newton Bushel, and compares it with the Maxcellus Schists and Hamilton 
Group of North America. 

In following the Devonian rocks from the Rhine towards Belgium, it is found 
that in their details they difier from those of Westphalia. At Aix-la-ChapeUe, 
where the Belgian type may be said to begin, all the members of the series are 
much attenuated. We there find a meagre equivalent only of the Lower Devo- 
nian, — ^the calcareous representative of the Eifel being but a poor coralline rock, 
in parts dolomitic, followed only by certain nodular schists charged with the 
Receptaculites Neptuni, Defrance, and Spirifer disjunctus, Sow., which alone 
represent the copious masses of Flinz, Kramenzel-Stein, &c. of the previously 
mentioned tracts. 

The Upper Devonian of Belgium (part of the ^ Systdme EifiSlien’ and part of the 
^ Condrusien inf^rieur,’ Dumont) consists at its base of calcareous schist with no- 
dules, and is specially characterized by its abundance of Glymeniae, Goniatites, and 
Favosites; besides which, it contains Receptaculites Neptuni, Defir., Davidsonia 
Vemeuilii, de Kon., Avicula Neptuni, Goldf., Orthis Dumonti, de Vem., Rhyn- 
chonella cuboides. Sow., Cardium palmatum, Goldf., and Cypridina serrato- 
striata, Sandb. 

This band is paralleled with the beds of Budesheim in the Eifel, with the 
red limestones and iron-beds of Nassau described by Sedgwick and myself*, 
with the base of the Petherwin group in Cornwall, with the strata of Neuilly 
(H4rault) in France, and the rocks of Elbersreuth and Schubelhammer in Ba- 
varia, illustrated by Count Munster. It is the Genesee Slate and TuUy Limestone 
of North America, and is considered to have its representative in the ^Domanik- 
Schiefer ’ of Keyserling, on the banks of the Uchta in the north-eastern extremity 
of Russia-in-Europe, whence the fossils range even into Nova Zembla. 


* See Trane. Geol. Boo. Lend. eer. 2. vol. vi. p. 260. 
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The group terminates upwards in a mass of olive and brown schists alter- 
nating with calcareous and dolomitic courses^ the whole forming the usual 
borders of the coal-basins of Belgium. This, the highest Devonian group, is 
characterized by contmning Orthis striatula, Schloth., Spirifer disjunctus, Sow. 
(Sp. Vemeuilii, Murch.), Sp. comprimatus, Schloth., Strophomena Dutertrii, de 
Vem., Productus subaculeatus, Murch., Acervularia pentagona, Qoldf., Favo- 
sites poljmorphus, Goldf., &c. 

This is the upper member of the Petherwin group of English geologists, and 
is represented in North Devon by the sandy rocks of Barnstaple, Pilton, Croyde, 
Baggy Point, &c. It has been traced by de Koninck in Belgium, at Manche, 
Bhisme (Namur), Huy, Verviers, Chaufontaine, and Philippeville, and is well 
seen in the Boulonnais, where it is clearly distinguished from the lowest Car- 
boniferous rocks, by which it is conformably surmounted. 

Certain fossils of this age have as wide an extension as those of the under- 
lying divisions of the Devonian rocks, since they have been identified, by David- 
son, de Koninck, Salter, &c., from China * and other parts of Asia, and are 
abundant in Bussia and Siberia. 

In terminating this sketch of the Devonian rocks of the Bhonish Pro- 
vinces and Belgium, it may be observed that, notwithstanding a certain 
similarity in general aspect of the fossils, even the lowest Devonian here 
indicated is entirely different in its fossil species from the Upper Silurian 
of any part of Europe ; whilst the Middle (or typical) Devonian is still 
more distinct. Neither of these rocks contains, for example, any Silurian 
species of Crustacean or Cephalopod ; the genera of the central masses are 
peculiar ; and Graptolites, which occur from the bottom to the top of the 
Silurian rocks, are unknown in any Devonian stratum. The Devonian and 
Upper Silurian are therefore infinitely more distinguished from each other, 
as natural-history groups, than the Lower and Upper Silurian, which, on 
the contrary, are linked together (as proved in the earlier Chapters) by a 
considerable number of the same species of Crustaceans, Cephalopod and 
Brachiopod Shells, Corals, and Graptolites. 

According to de Yemeuil, the Lower Devonian rocks of the Bhine are 
the equivalent of the Oriskany Sandstone of the United States, as will be 
explained in a subsequent Chapter. Other analogies have been indicated, 
by means of their fossils, between these Continental deposits and the Mar- 
ceUus Slates and Hamilton Group of North America ; but, for the present, 
let us simply bear in mind that, whether we regard the physical order of 
the piasses, or their imbedded remains, the Bhenish and Belgian rocks 
(which have afforded more than 450 species of fossil animals) are not 
only really remarkable counterparts to the succession in Devonshire, but, 
in consequence chiefly of the perseverance and activity of their explorers, 
have already much outnumbered in fossils their British equivalents. 

* The respected Chmese medical missionary, in the interior of that yast country, which are 
Mr. W. Lockhart, who communicated to the identical in speoifle character with Spirifer Ver- 
Soyal Geographical Society a comprehensive neuilii. Bp. Arohiaci, Frodaotus sabaouleatus, and 
memoir on the great watercourses and on the other European forms : coal also abounds in that 
productions of China, Bl^>plied me with Upper- region. 

Devonian fossils from the province of Tse-enuen, 



401 


OiiAP. XVI.] CAEBONIFBEOUS BOOKS OF BBLOIITM ETC. 

Carhoniferims Rocks of the Rhenish Provinces and Belgium , — ^The upward suc- 
cession from the Devonian into the Carboniferous deposits is clear on both banks 
of the Rhine and in Belgium ; and if in the latter country certain Lower Carbo- 
niferous schists are attenuated, this thinning-out of one portion is more than 
compensated by the presence of noble masses of Carboniferous Limestone. 

The Carboniferous Limestone of Belgium reposes, however, upon the Devo- 
nian schists containing Spirifer disjunctus (or Vemeuilii), the well-known fossil 
of the Rhenish-Prussian tracts and the Boulonnais, without any trace of those 
lower sandstones which are so largely intercalated in Scotland and Ireland 
(pp. 291 and 294). This Carboniferous Limestone, and a thin overlying sandstone 
representing the Millstone-grit, form the support of the two great Coal-basins of 
Li^ge and Hainault. The numerous repetitions and folds of this rock, as dis- 
tinguished from the lower or Devonian limestone, are admirably displayed in 
M. Dumont’s map and sections. 

During his earlier researches, M. de Koninck was led to believe in the exist- 
ence of two distinct zones of Carboniferous Limestone, as expressed in the first 
edition of this work (p. 375), the fossils of the tract near Vis6 being very difter- 
ent from those of Toumay. He now, however, has come to the conclusion 
that both these form one natural mass, since, although their respective fossils 
differ materially, they are closely united by a number of species common to both 
districts. Illustrating and extending the application of his views, M. de Koninck 
further suggests that the fossil species of Vis4 and Toumay are repeated in like 
manner in several localities of the British Isles respectively ; and he traces the 
same distinction over the Continent to the Ural Mountains on the east, and 
across the Atlantic to America on the west. 

In making these extensive comparisons, M. de Koninck enumerates 63 species 
as distinctive of the Visd assemblage, and 57 species as characteristic of Tour- 
nay ; whilst he cites 40 species which are common to both localities. The 
latter, or the common forms, belong chiefly to the genera Euomphalus, Pleuro- 
tomaria, Bellerophon, Productus, Orthis, Athyris, Rhynchonella, with the Tri- 
lobite Phillipsia, and palates of Psammodus and other Fishes. 

Through the compaiisons instituted by this able palaeontologist, we learn that 
many of the same species were so widely spread out during the Carboniferous 
era as to extend over the northern hemisphere, being here and there collocated 
in distinctive assemblages, often at great distances from each other, — those parts 
of the ocean having been specially suitable to their existence. 

The splendid rocks of this formation, which the traveller admires as he passes 
along the railroad from Namur to Li4ge, gradually thin out as they range 
towards the Rhine. They make, in short, their last appearance as a solid lime- 
stone at Cromford near Ratingen, on the right bank of the Rhine ; for in ex- 
tending thence to the east and north they become almost non-calcareous. 
Instead of two or more massive divisions, they dwindle into one or two thin, flat 
beds of black limestone, very similar to the black Culm-stone of Devonshire, 
which is in that district the feeble representative of the great Carboniferous or 
Mountain Limestone of other parts of England. Like the Devonshire rocks, the 
Westphalian strata are characterized by the Posidonomya Becheri, which occurs 
in Belgium, even where the calcareous matter is entirely absent, as well aa in 
the schists of Herbom and other places, distinctly marking the centre of the 
Lower Carboniferous rocks. 

In the Rhenish Provinces the lower member (the schists below the lime- 
stone) is usually very siliceous, and is in that tract the ^ Kiesel-Schiefer ’ of the 

2 B 
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Prussian geologists, which occasionally expands into a deposit of considerable 
dimensions. The limestone which reposes on these schists and sandstones is 
again surmounted by a copious succession of sandstone, mineralogically not 
Tery unlike many of the lower divisions of the so-called ^Grauwack4/ and 
formerly known under the name of ^Flotz-leerer Sandstein.’ Professor Sedg- 
wick and myself showed that, while the Posidonomya-beds represented the 
^Culrn^ or true Carboniferous Limestone, this * Flotz-leerer Sandstein* or 
^ Jiingste Grauwacke ’ was simply the equivalent of our British Millstone-grit, 
and ^at, as in England, it lay immediately beneath the most productive Coal- 
measures. 

This identification was, in truth, one of the most satisfactory assurances 
that a knowledge of organic remains, combined with a clear view of the 
order of superposition, had led us to a correct inference in placing as a 
member of the Carboniferous deposits strata which had previously been 
connected with much more ancient rocks. 

Having thus briefly indicated the character of the rocks which form the 
immediate support of the Upper or productive Carboniferous strata of West- 
phalia and Belgium, it is not my object to attempt any detailed descrip- 
tion of the Coal-measures properly so called. In Westphalia these Coal- 
beds plunge under the Cretaceous rocks upon the east ; and in Belgium 
(as, for example, at liege) they are at once surmounted by Tertiary de- 
posits. (See Dumont’s Maps.) 

Whilst the Devonian rocks of the Rhine, unlike those of Saalfeld (p. 386) , 
have afforded few traces of Land Plants, it is important to observe that it 
is specially in this Lower Carboniferous group that nearly all the so-called 
‘ transition ’ and ^ grauwacke ’ phytolites described by various German au- 
thors have been collected. Seeing that this series, in the Rhenish Provinces, 
is so very analogous to that of Britain, geologists will indeed be interested 
in comparing the Plants described by Gdppert, Unger, and others with the 
rich flora of the same age found in Northumberland *, Scotland, and parts 
of Ireland. 

Although not adopted by the Prussian geologists in the great map of the 
Rhine Provinces, it is right to mention the opinion of M. R. Ludwig t, 
that the quartzites above Nauheim, which seem to be an eastern prolonga- 
tion of the Taunus Mountains, and repose unconformably upon certain 
Devonian rocks, are (judging from their mode of bedding and mineral cha- 
racter, and, above all, from the large Land Plants they contain) equivalents 
of one of the oldest members of the Carboniferous series. On this point I 
cannot pretend to express a decided opinion without a more elaborate ex- 
amination than I have yet given to the tract. M. von Dechen does not 
adopt this view. 

Inversions . — Inadequate as the preceding brief sketch may be in con- 

Bee remarks, bjMr.G-.Tate, on the Fossil Flora t See ‘Hheinische Sohiefcr-Gebirge,’ with a 
of the Coal-fonDAtion, in the * Natural History of map : Jahrbuch der Vereins fUr Natnrknnde in 
the Eastern Borders,* by Dr. Johnston : 18^ Hersogthum Nassau, (Wiesbaden) 1868. 
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veying a just idea of the nature and contents of the older deposits of this 
interesting region, it would be still more imperfect if a reference, however 
cursory, were not made to the phenomenon of the inversion of some of its 
stratified rocks. Adopting M. Dumont’s explanation of such reversals 
of the normal order in Belgium, Professor Sedgwick and myself applied 
it to account for the position of certain masses of the Eifel country. We 
pointed out how, near Miinster-Eifel, the overturning of the beds had 
been produced by movements which acted throughout masses of sediment 
several thousand feet in thickness. The phenomenon is illustrated by 
this diagram f. 


Inversion in the Eifel explained. 

Weingarten. Miinster-EifeL 



Strata in order. Strata bent over and inverted. 

c. Eifel Limestone and Shale. 
a, b. Shelly Devonian greywacke. 


In this case, whether by following the strata upon their strike, or by 
making a short traverse across them, as in the preceding section, the true 
order was soon detected. 

Again, on the no^hem or outer frontier of the Devonian rocks of 
Westphalia, where the order is very regular, all such strata being seen to 
plunge under the Carboniferous beds, as before explained, the attention 
of the observer is roused when, exploring north-westwards to Biilon, ho 
finds a large tract of country (much penetrated by very ancient igneous 
rocks) towards Berleburg, exhibiting everywhere the older beds overlying 
the younger. This phenomenon, long ago known to the Prussian geolo- 
gists von Dechen and Erbreich, is expressed in this woodcut, taken from 
part of a larger section published by my colleague and myself in the Geo- 
logical Transactions J. 

Inverted Strata South op Brilon. 


N.N.W. S.S.E. 

Brilon. 



c. Lower Carboniferous schists (Kiesel-Schiefer and Posidonomyen-Schiefer). 
b. Upper Devonian schist, limestone, and 1 Devonian 

a. Slaty Devonian rocks j 

# Bands of igneous rooks. 

t Prom Trans. Geol. Soa ser. 2. vol. vi. p. 277. Geological Transaotdons shows the Coal-strata to 
I See Sedgwick and Murchison, Trans. Geol. the north covered by Cretaoeons rooks. 

Soa Lond. ser. 2. vol. vi. p. 239. The woodcut in the 
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The reader will see that the Lower Carboniferous rocks (<?), consisting of 
the * Xiesel> ’ and ‘ Posidonomyen-Schiefer/ which in their true positions 
are overlying, here dip under the Upper or calcareous Devonian group, b ; 
whilst the last have been carried under still older members of that series 
(a), or the slaty ‘ Grauwackd’ of this region. Nay, more, he perceives that 
igneous rocks (porphyries, greenstones, &c.), formed in part successively 
on the bottom of the same seas in which the Devonian strata (6) were 
accumulated, have also been overthrown en masse with all the other rocks. 
It follows, therefore, that the regular order in which these formations are 
traceable along so wide an adjacent region is here completely deranged, 
and that all the rocks are inverted, the older being incumbent on the 
younger ! Now, this very same phenomenon of the overturning of huge 
masses of the solid crust of the earth has not had its limit in the Bhenish 
Provinces, but has extended into Belgium, where the same strata, as 
described by M. Dumont, are affected along a band having precisely the 
same strike as those great folds in Westphalia and the Eifel*. They are 
therefore to be regarded as great parallel wave-like undulations, similar 
to those of the United States which have been theoretically explained by 
the Professors Eogers. 

In looking back to p. 145, we see indeed that, in Cornwall, this great 
European inversion has proceeded much further to the west, and that 
masses of an antiquity unknown in the Rhenish Provinces and Belgium 
(t. e. the Lower Silurian) there overlie Devonian strata. In that example, 
both the rocks being fossiliferous, no doubt as to the intensity of the 
overthrow can exist. 

It may also be remarked that in one district of Thuringia certain Plant- 
beds which belong to the Lower Carboniferous division plunge under Upper 
Devonian beds charged with Cypridinac and Clyiheniflc, and that near Ober- 
Steinach, in Meiningen, these Devonian strata are likewise apparently 
surmounted by true Lower Silurian ! 

If a young geologist had detected for the first time such abnormal 
relations in a country like the Eifel, where, besides igneous eruptions of 
remote periods similar to those in the last diagram, the strata have been 
pierced by volcanos which have certainly been in activity under the atmo- 
sphere, he might suppose that the latter, with their craters and coulees, 
must have been associated with some influence analogous to that which 
produced the inversions ; but examination dispels such an hypothesis ; for 
we see that these subaerial volcanos, with their scoriae, pumice, lava, and 
ashes, are nothing more than superficial pustules, which, in bursting forth, 
and spending their energies, produced no sort of alteration in the position 
or nature of the rock-masses. They merely vomited their contents into 
depressions already prepared to receive them, thus showing us that when 
they appeared the present system of hills and valleys had been completed. 

* Bee the very remarkable geological map of ail the volcanic tracts in the KheniBh Frovinoes, by 
C. von Oeynhausen. 
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Infinitely more intense, therefore, must have been that much more 
deeply seated agency which, giving rise to such internal writhings of the 
earth, inverted thousands of feet of strata over vast areas, and, in some 
tracts bending them like reams of paper, placed them abruptly in others 
over deposits formed at immeasurably subsequent periods. Striking, how- 
ever, as are the above-mentioned features of inversion, stiU grander ex- 
amples will be adverted to in the last Chapter. 

After all, such phenomena are only local exceptions, as respects the 
surface of the globe, on which, fortunately, the original impress of order 
is visible over very large regions. Eeverting, then, to such order, I annex 
the accompanying Table of the natural divisions of the Pevonian and 
Carboniferous rocks of the Continent as compared with their equivalents 
in the British Isles, the whole surmounted by the Permian rocks de- 
scribed in the Thirteenth Chapter. In this Table, the student sees at 
one glance the whole of the Upper Palmozoic succession, — the Silurian 
System comprising the larger portion of the Lower PalsBOZoic rocks. The 
Table is substituted for one on a more limited scale given in the first 
edition of this work, relating to the tracts described in this Chapter only, 
and which was prepared chiefly to show both the triple subdivision of 
the Devonian rocks, and also that not one of those groups, as based upon 
the distribution of former life, is in unison with the lithological groups 
and systems of the late M. Dumont*. That eminent geologist, who had 
so admirably reduced to order the complicated and often inverted strata 
of his native country around liege, undervaluing the weight of fossil 
evidence, proposed a classification based solely upon the mineral character 
of each succeeding mass. Such a division, being found to be inconsistent 
with the great principle of modem geology (strata identified by their 
organic remains), is no longer adverted to, and the Table now laid before 
the reader, though stUl susceptible of improvement, will, I trust, be found 
applicable to wide areas of the earth’s surface. 

Sec ‘ Siluria,’ 1st ed. p. USl. 
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CHAPTER XVn. 

SILURIAN AND OVBRLYINa PALEOZOIC ROOKS OF FRANCE, SPAIN, 
PORTUGAL, AND SARDINIA. 

Although the Palaeozoic rocks (often, however, in a metamorphic state) 
occupy considerable areas in France, it is not possible, on this occasion, 
to offer more than a slight sketch of their features, even in the tracts 
where they are clearly exhibited. They are largely developed in Brittany ; 
and there the authors of that great work the Geological Map of France ♦ 
divide them into two principal masses, — the inferior being composed of 
glossy schists (schistes satines luisans) of great thickness, in which a few 
thin courses of grit and shsily limestone occur. In their mineral aspect, 
and in their entire want of fossils, these strata remind the geologist of the 
rocks which underlie the lowest fossiliferous deposits of Bohemia; and 
they may not unaptly be compared with some of the crystaUine and sub- 
crystalline rocks of Anglesea and the Longmynd, or hardest Cambrian 
rocks of the Welsh and English series. Their mean direction in Brittany 
is, like that of the Longmynd in Shropshire, from east 20° north, to west 
20° south ; and they were, indeed, long ago termed ‘ Cambrian ^ by Elie de 
Beaumont and Dufrenoy. 

Under the name of ^ Silurian ’ these eminent authors included a thick 
and complex series of fossiliferous strata, which they again divided into 
two groups. The lowest of these they thus arrange : — 1st, conglomerates 
and siliceous sandstones ; 2nd, bluish schists, which at Angers, Poligny, 
&c. furnish good slates, and correspond, by their fossils, to the Llandeilo 
formation of Britain, — Trinuclei and OgygisB, with Ulsenus giganteus <kc., 
being abundant. So far the succession in Brittany, as dependent on 
organic remains, is in unison with that of Britain ; but the chief portion 
of the next division, consisting of compact limestones and schists, has 
been abstracted by de Yemeuil from the Silurian, and shown to belong to 
the Devonian system. In this way, the order in Brittany is analogous to 
that of Cornwall and many parts of Germany, in which tracts there is, 
as already shown, an equally sudden succession from Lower Silurian to 
Devonian. 

The second group adopted by the authors of the Geological Map of 
France is made up, first, of siliceous conglomerates, coarse grits, and 
argillaceous schists, which old geologists would have termed ‘ greywacke,’ 
then of beds with coal, and, lastly, of a limestone specially characterized by 

* MM. £lie de Beaumont and Ihifrdnoy. Their * Explication de la Carte G^logique de France/ 
2 Tola. 4to, is a rich storehouse of valuable observations. 
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the presence of Amplexns and Prodnctns. Now, d’Archiac and de Yer- 
neuil have demonstrated that thia highest group is neither Silurian nor 
Devonian, but a true member of the Carboniferous rocks. It is, in its 
fossils, identical with the Carboniferous Limestone of many regions. 

All these fossiliferous deposits, whether Lower Silurian, Devonian, or 
Lower Carboniferous, are conformably arranged, whatever may be the 
inclination of the beds ; and, striking from east 15° south to west 15° 
north, they overlap transgressively the older unfossiliferous rocks on which 
they repose. It was the accordance in their direction and inclination 
which naturally led £lie de Beaumont and Dufrenoy to include, in the first 
instance, all these fossiliferous deposits in one period. But in the interval 
which has elapsed since that classification was proposed, Brittany has 
been examined by many geologists, including Frappoli, de Fourcy, Du- 
rocher, Blavier, and Bouault, as well as by de Verneuil and d’Archiac, all 
of whom agree in adopting the order and nomenclature here followed. 
The eastern limits of the province, towards the Departments of La May- 
enne and La Sarthe, have indeed been studied in the greatest detail by 
M. Triger, to whom the execution of the geological map of the last- 
mentioned district was confided. The collection of fossils made from the 
Paheozoic rocks around Cherbourg by my old and indefatigable corre- 
spondent, the late M. de Gerville, has also contributed essentially to clear 
away the difficulties attending a right classification ; and, lastly, the Geo- 
logical Society of France (during its meeting at Le Mans, 1850), under 
the leadership of M. Triger, made a section across the older rocks to the 
north of Angers, the resume of which was published by de Yemeuil and 
de Loriere *. 


The following diagram (p. 408), reduced from their publication, exhibits the 
principal geological features of the country between Sill^ le Guillaume and Sable, 
a distance of about twenty-five English miles, and clearly developes a succession 
of the Paleozoic formations from the Lower Silurian to the Carboniferous rocks 
inclusive. 

In this section, the lowest stratum is a white sandstone (1), resting on a por- 
phyry with large red and white crystals. The still more ancient crystalline and 
glossy schists of Brittany are here wanting; whilst the lowest visible beds (1 to 
6), in which some limestone appears, have not yet afforded any fossils to serve 
as^quivalents to those of the ^ Primordial Zone ’ of Bohemia and Scandinavia, 
or the Lingula-flags of Britain. 

Such was our knowledge when the last edition of this work appeared ; but 
since then some traces of what has been referred to the * PnmordiaP Silurian 
fauna in France have been detected. Near St. Leonhard des Bois (Sarthe), 
MM. Triger and de Verneuil have discovered, under a mass of roofing-slates 
containing the Asaphus and Illaenus of Llandeilo age, beds of quartzose sand- 
stone, one of which was loaded with Lingulae and Bilobites, and they think it 
may be the equivalent of the Lingula-flags. M. Dalimicr also regards the 


* T.. - ATflUTMon. MM Tricer. Daubi^e, and de Verneuil discovered that this s^on is not 

so simple M it appeared to be in a former examination; but the foldings of the strata do not affect 
the general order of suooesaion here given. 
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sandstones with Bilobites and 
Scolithns as equivalent to the 
same beds (Bull. Soc. G4ol. 
ser. 2. vol. xx. p. 126), It may, 
however, be suggested that 
these beds rather represent the 
upper portion of the Primor- 
dial Zone, containing the same 
fossils as the quartzose rocks of 
the Stiper Stones, which, like 
those of Prance, directly under- 
lie the Llandeilo formation. 

The great schistose and slaty 
mass which follows (Ardoises 
de Parennes, No. 7 of the dia- 
gram) forms the inferior limit 
of Silurian life as known in 
France. From its wide exten- 
sion and its fossils, this forma- 
tion (the Angers Slates) merits 
great attention ; for it is doubt- 
less, as M. de Vemeuil states, 
the representative of the Llan- 
deilo rocks of Britain, of Bax- 
rande’s ^ Second Zone ^ in Bo- 
hemia, and of the Orthocera- 
tite-limestones of Scandinavia, 
Russia, and North America. 
It is, in fact, the dominant 
member of the rocks termed 
Lower Silurian by all the au- 
thors who have described them 
in those countries. 

The slaty masses of Brittany 
are characterized, like their 
equivalents elsewhere, by a 
profusion of Trilobites. Un- 
fortunately these Crustaceans 
are, for the most part, much 
flattened and distorted; but 
the following species have been 
recognized ; and some of them 
were long ago figured by Guet- 
tard and Brongniart * : — 

Calymene Tristani, Brong. ; 
C. Arago, Rouault ; C. Verneuili, 
Rouault ; Asaphus Guettardi, 
Brong. ; Ogygia Desmaresti, 
Brong. ; Illienus giganteus, 
Burm. (the last two are gigantic 
species); 111. Beaumonti, Rou- 

* OruBtaods FoBeiles: TariB, 1822. 
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ault ; Acidappis Buohii, Barr. ; Fhaoops (Dalxnania) sooialif, Barr. ; P. Bujardini, 
Rouault ; Plaooparia Toumemini, Rouault ; Cheipunis olariger, B^. ; Liohaa BLeberti, 
Rouault; Trinucleus Pongerardi, Rouault*, &o. 


Molluflks are scarcer than Trilobites; the well-known British species Bel- 
lerophon bilobatus, however, is not unfrequent ; but, as a rule, few of the species 
of Crustacea or of Shells are the same as those of Britain, while many are iden- 
tical with the fossils of this age in Spain and Bohemia. 

These Lower Silurian schists, in which 'also are Graptolites, occupy an ex*- 
tensive tract (as may be seen by referring to the geological map of France), and 
crop out south of the harbour of Brest in the Bay of Crozon, where de Vemeuil 
has detected in them the Calymene Tristani. The deposit affords the best roof- 
ing-slates at Angers, where the quarries are 300 to 400 feet deep. There the 
lines of original deposit and the laminas of cleavage coincide. In fact, the re- 
mains of the included Trilobites occur along the dhdsion by which the highly 
inclined slates are cleaved — a phenomenon rarely observed in Britain, where the 
cleavage is usually oblique to the bedding. (See p. 32.) 

The peninsula of the Cotentin also contains these Trilobite- schists, near Siou- 
ville, and in that tract the late M. de Gerville collected their fossils, including 
Calymene Tristani. 

That species and Placoparia Toumemini have recently been found on the Hill 
of le Houle near Cherbourg, in slates underlying the hard siliceous sandstones 
largely employed in the construction of the great breakwater of that port — 
rocks which, according to de Vemeuil t, are the exact equivalents of the Caradoc 
Sandstone in age as well as in lithological structure. 

M. Dalimier, on the contrary, who has written several good papers on the 
Silurian rocks of Normandy and Brittany, considers the hard sandstones of the 
Houle to be older than the slates with Calymene Tristani, on account of the 
Scolithus he found in them. The apparent infraposition of the slates he explains 
by an overthrow or reversal of the beds. The following succession of the older 
deposits in Brittany, as admitted by Dalimier J, is indeed perfectly in accordance 
with the section by Triger and de Vemeuil we have just given : — 


Lower Devonian. . . 

Upper Silurian. 
(Tiace of lowest 
part only.) 

Middle Silurian. 
(Lower Silurian, 
Murchison.) 

Lower Silurian. 
(‘Primordial’ Silu- 
rian, Murchison.) 

Cambrian 


Limestone and fossiliferous greywack^ (Iz6, Gahard). 

I Slates with Cardiola interrupta. 

( a. Sandstones with the fauna of May (Gahard, May). 

b. Slates with Graptolithus colonus (Mortain, Polign4). 

c. White sandstone without fossils. 

d. Roofing-slates with Calymene Tristani (Angers, St. Leonhard, 
Cherbourg). 

' White sandstone with Scolithus, Bilobites, and Lingulas ( =»Stiper 
Stones and Lingula-flags). 

Bed slates and conglomerates. 

r Green slates and sandstones. 

\ Gneiss. 


The lower slaty rocks of Llandeilo age are likewise succeeded in La Sarthe 
by an arenaceous group, represented by Nos. 8 and 9 of the previous woodcut. 

* De Vemeuil and Bouault, Bull. Soc. GKSol. Fr. of M.Daliinier*B Table does not represent the Idan- 
2nd ser. vol. iv.p. 820. dovery rooks. It is simply a natural Lower SUu- 

t Bull. 8oo. Gfeol. JY. 2nd ser. vol. xiii. p. 803. rian or Caradoc and Llandeilo group, the lowest 

I Ibid. vol. XX. p. 120. part of which (d) is, as before shown, the unmis- 

It is to be understood that the ‘ Middle Silurian ' takeable equivalent of the Llandeilo Flags. 
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In generali this diyision exMbitfl, in ascending order, conglomerates, white and 
reddish siliceous sandstones, with some subordinate ampelitic schists containing 
Graptolites, chiefly G. colonus and G. testis of Barrande. The position of these 
beds is probably the same as that of the Graptolite-schists of Dalecarlia and 
parts of Sweden. They agree also, according to de Vemeuil, with the great 
schistose member of the American Silurians called the ‘ Hudson-river Group,’ 
which is equally characterized by Graptolites, and overlies the Trenton Lime- 
stone or Llandeilo flags, the equivalents, as above said, of the Angers Slates. 
As to the siliceous sandstones wherein the schists are enveloped, they are iden- 
tical with the rocks of Jurques, Gahard, and May in Normandy, placed by 
French geologists without hesitation on the parallel of the Caradoc Sandstone 
of Britain. 

In some districts the sandstone is so ferruginous as to be the seat of iron- 
mines, and the ore in parts is of an oolitic structure : Trilobites are found in it. 

The sandstones of May, Jurques, Gahard, &c. are not rich in fossils; but, 
where I have examined them in company with M. de Vemeuil, they contain the 
British species Bellerophon bilobatus, with Conularia pyramidata, some species 
of Dalmania, Homalonotus Brongniarti, and H. (Plesiocoma) rarus; the last- 
mentioned fossil occurs also in the Lower Silurian of Bohemia and Spain. 

like the lower and larger portion of the Caradoc formation in Britain, with 
which the Bala rocks were identified, this group of sandstones and schists is 
also connected by its fossils with the inferior slates. 

Overlying the above-mentioned strata, there is in France an upper course of 
ampelite-schist, which, though often confounded with the lower, must be sepa- 
rated from it. These upper ampelitic schists (11 of the section), being black and 
occasionally bituminous, have, as usual, given rise to expensive and futHe searches 
after coal, especially at St.-Sauveur-le-Vicomte (Manche), FeugueroUes near 
Caen, and St.-Jean-sur-Ervein the Department of la Sarthe. They are distin- 
guishable from the inferior masses by containing concretions of black limestone 
with a brilliant fracture, and by certain imbedded fossils. The most characteristic 
remains are Graptolithus priodon, with some Orthocerata, including Orthoceras 
pelagicum, O. gregarium, and the Cardiola intemipta *. As this last-mentioned 
species is chiefly an Upper-Silurian fossil in Britain, and occurs in Bohemia at 
the base of that division, it might seem fair, in the first instance, to regard this 
French deposit as of like age. At the same time we must observe that Cardiola 
intemipta, on the presence of which the comparison was drawn, is occasionally, 
though rarely, found in the Lower Silurian both of Britain and Bohemia. 
Whilst, therefore, this zone is clearly recognized through extensive districts of 
France as the highest of the rocks which are referable to the Silurian epoch, it 
is by no means an equivalent of the great British formations of Wenlock and 
Ludlow. We must, indeed, recollect that in Britain, as in Bohemia and Sweden, 
such schists with Cardiola intemipta and Graptolites underlie limestones with 
the well-known fossils of Wenlock, Dudley, and Gothland. 

In France, therefore, the ascending series of strata is very different from that 
of Britain. The Upper Silurian, as a whole, is wanting, — the succession being 
analogous to that of parts of Russia and Germany, where the Lower Silurian is 
succeeded by Devonian rocks. (See Chapters XIV., XV., XVI.) 

Devonian Rocks . — France is by no means poor in Devonian equivalents. Numerous 
species of fossils derived from the strata 12 and 13 of the foregoing diagram, p. 408, 

* See an aooount of the extension of this sone of ampelite-sohists and its intercalated minerals, by 
M. de Boblaye, Bull. 8oc. Gdol. France, 1st ser. vol. x. p. 227. 
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haTO been compared de Vemeuil witii those of the lower shellj^ giauwaoh4 of the 
Bhine and the limestone of the Eifel ; and he has found that manjof them are identical. 
Among these, the broad-winged Spirifer macropterus, Terebratula Arohiaci, Ghramm jsia 
Hamiltonensis, and Pieurodictyum problematicum are striking Deronian forms, un- 
known in anj Upper Silurian rocks. The great number of species common to the 
limestones of La Sarthe and Nehou t in Normandy, and the lower fossiliferous band 
of the Bhine naturally leads to the belief that the French and Prussian formations are 
ootemporaneous. If this view be adopted, we must presume that France possesses no 
proper and full equivalent of the English Middle Devonian limestone, but simply the 
inferior portion of the group, called by Dumont the * Syst^me Bh6nan,* and the upper 
member as seen in the Boulonnais. 

Having established the connexion between the Devonian rocks of the West of Prance 
and the lower portion of the group in the Rhenish Provinces, de Vemeuil observes that 
in such a consecutive development we might expect to meet with some species which on 
the continent of Europe and the British Isles are considered to be Silurian ; and such 
is the case. Thus Bronteus Brongniarti, Acroculia robiista, Terebratula eucharis, 
T. Haidingeri, Atrypa reticularis, Orthis Qervillei, Leptaena Bouei, L. Bohemica, and 
L. Phillipsi are found in the Devonian of France, and also in the uppermost Silurian 
of Bohemia. At the same time, Pentamerus galeatus, Atrypa reticularis, with the 
Corals Heliolitos interstinctus, H. Murchisoni, Favosites fibrosus, and Chonophyllum 
perfoliatum, are common to the Upper Silurian of England or Sweden and the Bower 
Devonian of France. 


The Devonian group of Brittany and the West of France is also usually cur- 
tailed, like the Silurian, of its superior members — those which, in the Rhenish 
Provinces, are so fully developed between the above-mentioned rocks and the 
base of the Carboniferous system. There are, however, some exceptions. Re- 
cent researches have proved the existence of Upper Devonian in the vicinity of 
the anthracitic band of the Basse Loire, at a place called Copchoux. A young 
geologist, M. Bureau, has discovered there, in lumps of limestone, Rhynchonella 
cuboides, Rh. pugnus, Spirifer glaber, &c. | 

In the ^ Bas Boulonnais ’ also we meet with a fair representative of the Upper 
Devonian, rich in fossils, on which in 1840 § I published a short memoir. It 
is there immediately overlain by the Carboniferous Limestone ; and both of 
the formations extend into Belgium and the Rhenish Provinces, occupying the 
same relative position ||. This Upper Devonian is everywhere recognized by the 
abundance of its Spirifers, among which Sp. disjunctus, Sow. (Sp. Vemeuilii, 
Murch.), and its numerous varieties are the most characteristic. Productus sub- 
aculeatus and Athyris concentrica are also frequently found. The limestone 
recurs in different bauds with dolomites, sandstone, and schist, composing a 


* De Verneuil and Eouault, an/e, p. 407. 

t At this locality abundance of Devonian fossils 
were obtained by the late M. do Gerville, and dis- 
tributed among his fnonds. Both Trilobites and 
Shells are found there ; and among the latter are 
the common Devonian species Cyrtina hetero- 
clita, Athyris concentrica, and Calceola sandalina. 
More than 4.5 species of Brachiopoda were found 
here by Mr. Davidson. 

7 Bull. Soc.Geol.de France, ser. 2. vol. xnii. p.:i7. 

5 At that time the exact relations of the strata 
had not been determined, and I was deceived m 
to the nature of a small imperfecit body, probably 
a Polyaoan, which was taken for a Graptmite 
( Bull Boo. Gdol. France, vol. xi. p. 229). M. Du- 
souich, who has published a good geologu®,! map 
of the Ddpartement du Pas de Calais, and M. De- 
lanoue, who gave a small map of the Bas Bwlon- 
nois, have ascertained by sinkings that the Devo- 
nian deposits range undergroundTtowards Bethune 


and Arras (Bull. Soc. Geol. Fr. 2nd ser. vol. ix. 
p. 399). 

II Mr. Godwin-Austen, whose labours have 
thrown so much light on the real nature of the 
limestones of Devonshire, lias surveyed this dis- 
trict of the Boulonnais in detail, ana has endea- 
voured to show that its lowest strata (limestones, 
dolomite, &c.) represent the rocks of the Eifel, 
and are charged with the same species of Coi^s, 
and many of the same Mollusks, which are so 
well known in Devonshire and on the Continent. 
His section does not exhibit any reOTesentative 
of the Spirifer- Sandstone or Lower Devonian of 
the Rhine ; but the rest of the Devonian rooks of 
the Rhine and Belgium have, oooordii^ to his 
view, their equivalents in the North of 
(Quart. J oum.Geol. Soc. vol. ix. p. 231). This view, 
however, is not adopted by de Vemeuil, de Ko- 
ninck, and others, who continue to view the chief 
masses of the Boulonnais as Upper Devonian. 
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group whicli Has its full equivalent^ as already shown, in Belgium and on the 
Rhine. Like the Lower Devonian of Brittany, the rocks in the Bas Botdonnais 
have a strike from the west-north-west to east-south-east, but axe soon over- 
lapped, first by the Carboniferous, and then by the Cretaceous and younger 
deposits. 

Though the Devonian rocks of France are of no great vertical dimensions, and 
not comparable in thickness to the deposits of like age in Scotland, England, or 
the Rhenish Provinces, they are of considerable economic importance, particu- 
larly in certain schistose and arenaceous districts which they traverse, and where 
their limestone is much used in agriculture. At the extremity of the peninsula 
of Britteny these rocks appear in the Bay of Brest. 

Carboniferous Rocks of France . — In this work it is impossible to convey an 
adequate idea of the Carboniferous group, particularly that portion of it which 
is developed in all the coal-fields of France. The following few observations 
relate therefore only to the lower and calcareous member which immediately 
succeeds to the subjacent rocks, — the great Coal-fields of Valenciennes in the 
north, and those of St. Etienne and Autun in the south, being consequently 
unnoticed. In the Bas Boulonnais, as before observed, no gap or omission exists 
in this portion of the series ; for the Upper Devonian is at once followed by a 
thin patch of Carboniferous Limestone, with its large Product!. 

Mr. Godwin-Austen has dwelt upon the passage upwards of the Devonian 
rocks of the North of France into these Lower Carboniferous limestone and 
interstratified seams of coal, and has made an ingenious theoretical suggestion 
as to the probable extension westwpds of the Coal-field of Valenciennes, so 
that a workable coal may possibly be found beneath the Tertiary and Cretaceous 
deposits of the London Basin and the south-east of England*. 

I took leave in the last edition of this work to dissent from this view, and 
have recently expressed the same opinion at the Nottingham Meeting of the 
British Association. My reasons for this unbelief are as follows : — ^In its exten- 
sion below the Cretaceous rocks towards the Straits of Dover, the Coal-field of 
Valenciennes thins out and deteriorates so much that to the west of B^thune it 
has become merely a narrow wedge. Next, in approaching the Channel this 
poor narrow zone is flanked to the north and the south by Devonian rocks lying 
at once beneath the Chalk (as proved by numerous borings), to the total ex- 
clusion of Coal-beds. These data have been all laid down in a ^ Carte Indus- 
trielle du Bassin houiller du Nord de la France,’ prepared upon the Government 
Map for the Compagnie de Vicogne, showing the numerous fruitless trials of 
speculators who obtained ^ concessions ’ to search for coal, and only met with 
subjacent older limestones. With the exception, indeed, of the smaB patch of 
Carboniferous Limestone and a very little poor coal at Hardinghen, the Devonian 
limestones form exclusively the fundamental rocks of the Boulonnais, where 
they are covered at once by Jurassic or Cretaceous rocks forming the coast-clifts. 
My belief therefore is, that, if the Secondary or Tertiary rocks on the English side 
of the Channel were pierced, the same rocks would in all probability be^ found 
as in the opposite part of France, and that either unproductive Carboniferous 
Limestone, or much more probably Devonian rocks would be met with. The 
boring for water undertaken at Harwich in the year 1867 has indeed demon- 
strated that the great productive Belgian coal-field has no extension in the 
East of England ; for after passing through 1030 feet of Tertiary and Creta- 
ceous rocks, a slaty impure limestone charged with Posidonomyse of the lowest 

* Bee Quiurt. Jcrarn. Oeol. Soc. Lond. vol. xii. p. 38 tt teq. 
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Mountain-limestone was at once met with, to the entire exdudon of the Coal- 
measures. 

In Brittany and the West of France, the Lower Carboniferous deposit rests 
at once upon the Lower Devonian, as is seen between Sabl4 and Juign4 and at 
the coal-pits of Ferc^. The anthracitic group of the Department of the Sarthe 
(Nos. 14, 16, 16 of the preceding section, p. 408) is composed of conglomerates, 
sandstones, shale, coal, and limestone, all unquestionably belonging to the Car- 
boniferous series, of which they constitute a lower member. In the West of 
France, as at St. Pierre-la-cour, between Laval and Rennes, they are unconform- 
able to the superjacent Coal-measures. 

A like physical arrangement has already been alluded to as occurring through- 
out Germany. True Carboniferous Limestone, with large Product!, was de- 
scribed by Professor Sedgwick and myself at Hof, in Bavaria *, as being there 
inclined conformably with the Devonian on which it rests, and unconfomiably 
to the horizontal Coal-measures of Bohemia. Similar physiccd relations led 
lillie de Beaumont to group the Lower Carboniferous division with the Lower 
Palaeozoic rocks to which it is conformable, though their respective organic re- 
mains are so very distinct. The geologist who combines stratigraphical with 
zoological evidences is therefore bound to state that the dislocations of the older 
rocks on the Continent have occurred at periods different from those of forma- 
tions of the same age in Britain and America. In both the latter countries 
the great superjacent Coal-measures have partaken of the movements which 
affected the limestones whereon they rest. Thus we are still further con- 
firmed in the belief that aU fractures of the crust of the earth are local pheno- 
mena only. 

As the strata conttdning large Product! (Sabl6, Ferc^,* Juignd, La Bazouge, 
&c.) were shown to be truly of Carboniferous age, their fossils being absolutely 
those of the Mountain-limestone o^ England, it followed that many other con- 
siderably metamorphosed rocks in the South-east of France, but in which such 
fossils were detected, must also be referred to the same era of formation. Thus 
de Vemeuil and Jourdan have proved that the schists, slates, and quartz-rocks 
of Central and Eastern France, particularly in the Department of the Haute 
Loire (Roanne to Lyon), which from their crystalline aspect had been grouped 
with those of a much older epoch, are clearly to be classed with the Carboni- 
ferous rocks. Though in parts highly altered, and having a very antique and 
crystalline aspect, they have been found to contain the well-known fossils of the 
Coal-period, Productus Cora, Chonetes papilionacea, Spirifer bisulcatus, Orthis 
crenistria, Goniatites diadema, &c. 

It was in the northern extension of this chain of hills from Thiers to Cusset 
near Vichy, where the schists have a still more ancient character and are pierced 
by numerous porphyries and syenitic rocks, that, by the help of a few fossils, I 
was enabled to satisfy myself that the slaty rocks on the banks of the Sichon 
also belonged to the Carboniferous era t. 

The Permian roc® of France may be disposed of in a few w^ords j for they are 
very inadequate representatives of the diversified and complex assemblage of 
strata which constitute the Permian of Russia, Germany, and Britain. The 
lower portion of a series of red rocks in the Vosges Mountains, usually known as 
the ^ Gr6s des Vosges,^ is considered by ^felie de Beaumont and myself to be of 
this age ; and it has also been shown how other red sandstones, near Lodeve in 
the South of France, may, on account of their Plants, be classed as Permian. 

* Trans. Geol. Soo. Lond., 2nd series, vol. vi. p. 298, pi. 2S. f, 15, 

t Quart. Joum. Geol. Soc. Lond. vol. vii. p. 13. 
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Professor Coquand^ moreoyer, has described a succession of strata in the same 
tract, which he views as being also of Penman age*, thus confirming the opinions 
of M. Adolphe Brongniart and the authors of ^ Russia and the Ural Mountains ’t* 
Nowhere, however, within the limits of the country is there any limestone to 
represent the great calcareous centre or Zechstein ; and the group is therefore 
wanting in those animal remains which constitute its essential distinctions. 

In the hard and subcrystalline rocks of the South of France, which lie to the 
south of the great granitic plateau of that region (that is, the Montagne Noire, 
between Lodeve and Pezenas), no clear succession of the older rocks has been 
determined ; and until recently they were considered, to a great extent, unfos- 
siliferous. 

Within these few years, however, MM. Foumet and Graff discovered at 
Neffiez near Pezenas J a very singular small oasisy in which there occur thick 
masses of green slate with large Lower-Silurian Asaphi, succeeded by other beds 
laden with several characteristic Lower-Silurian fossils, whilst higher strata con- 
tain Oardiola interrupta and Graptolites. Then there are red limestones charged 
with imequivocal Upper-Devonian types, as recognized by de Vemeuil ; these 
are Goniatites amblylobus and Cardium palmatum of Westphalia, Nassau, and 
the Eifel. This rock is also identical with the ^ Marbre griotte’ of the Pyrenees, 
which Leopold von Buch classed as Devonian. Again, we have in this one little 
spot true Carboniferous deposits ; for, though there are only a few beds of their 
lower members, the fossils are unequivocal — namely, Productus gigas, P. semi- 
reticulatus, Euomphalus acutus, Caninia gigantea, &c. The series is even ter- 
minated upwards by some workable beds of coal. 

Such, says de Vemeuil, is the palaeontological order of the strata, if we look 
only to the fossils, and compare them with those of all other known countries in 
the world. 

Whilst this is the universal and normal order in America, Asia, and Europe, 
these members of the series, so distinct elsewhere, were at one time supposed to 
be physically intermixed at this little anomalous spot of Nelfiez I but MM. 
Foumet and Graff, who had called attention to this apparent intermixture of 
Silurian, Devonian, and Carboniferous fossils, no longer maintain the opinion 
they at first expressed. In fact, the tract has manifestly been subjected to vio- 
lent dislocations , and my associate de Vemeuil has always thought that the ap- 
parent anomaly is due to one of those inversions or reversals known in the Alps, 
America, and many other regions, and to which I have already called attention 
in my remarks on Britain and Germany (pp. 97, 145, 403). 

The Palaeozoic formations again protrude to the surface in the Corbi^res to the 
south of the plains of Languedoc ; and, rising from beneath the younger deposits, 
they also form, as has long been known, a central portion of the Pyrenees. In 
that chain, the altered limestones, or ‘ Marbres griottes’ §, which occur as con- 
cretionary masses in the schists, and are charged with Goniatites, are unques- 
tionably Devonian. The schists of G5dre, between St. Sauveur and Gavamie, 
and also at Les Eaux Bonnes and other places noticed by IVK Leymerie||, contain 
fossils of the same age. 

Just as in the Eastern Alps, the Ural, and many mountain-chains which have 

* BulL Boa G^L France, 2nd serieB, toL xii. liit of fosBils eiyen by M. de Yemenil would lead 
p. 128 ; and xiv. p. 13. ub to suppoBe that the rockB near Lee Eaux Bonnes 

t Bee * BuBsia and the Ural MonntainB,* voL i. belong to the Lower Devonian. True Lower De- 
i BulL Boa GdoL France, 2nd serieB* voL viii. vonian foBBilB have been detected recently (186fi), 
p. 44. ^ M. de Meroey, between Les Eaux Bonnes and 

^ This ‘Marbre griotte * of the valley of Cam- Cauterets, among which de Vemeuil reoognued 
pan is well describe by M. Dufr^n^. some spedes identical with those of Leon and 

II Bee Boll. Boa G^L France, 18M, where the Astorias. 
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undergone much metamorphism, the oheerver fEuls to detect here the equivalents 
of the Lower Silurian Bocks * ; but in a fbw spots the Pyrenees afford traces of 
one member of the system, as characterized by Gxaptolites, Cardiola interrupta, 
and Orthoceras Bohemicum and 0. gregarium — ^fos^ which have already b^n 
spoken of as probably representing the base of the Upper Silurian division. In 
the absence then of Lower Silurian rocks, the Pyrenees present a strong contrast 
to the ^ Montague Noire,* near Neffiez, where some of the largest Trilobites uf 
that age have been found. 


PalcBOZoic JRocJcs in Spain, Portugal, and Sardinia . — ^To the south of 
the great chain of the Pyrenees, where several of their formations occur in 
a more or less crystalline state, the Lower Palaeozoic or Silurian rocks have 
much the same development as in Prance. Our acquaintance with the 
order of these rocks in Spain is chiefly due to the researches, during the 
last fifteen years, of my colleague de Yemeuil and his friend Ed. Col- 
lomb ; for, whilst it is true that Spanish and French geologists and mine- 
ralogists of ability, such as Ezquerra del Bayo, Casiano de Prado, Schultz, 
Paillette, Am alio Maestro, and others, had made themselves well acquainted 
with the physical and lithological features of many tracts in which the older 
rocks prevail, and that the eminent French mining engineer, Le Play, had 
published a sketch of the mineral structure of the Sierra Morena, it was 
only by a personal examination of the imbedded fossils of the strata in each 
chain that the relative age of the rocks was at length fixed and correct 
comparisons established t* 

A glance at any good map shows that the Peninsula is marked by domi- 
nant chains of mountains more or less parallel, trending from west-south - 
west to east-north-east, and separated from each other chiefly by enormous 
basins of Tertiary age, which, though at much lower levels, are still at 
considerable heights above the sea, and constitute, on the whole, what 
Humboldt has termed a great plateau J. 


Let us first say a few words on the chief central ridge of the kingdom, the 
Guadarama, which passes to the north of Madrid. The late Casiano de Prado, 


* Bull. Soc. G6ol. Ft. sdr. 2. vol. i. p, 137. 
t This observation has referenoe solely to the 
order and classification of the stratified rocks ; for, 
in referenoe to mineralogy and other departments 
of geological science, a vast number of works and 
memoirs have been written during the last century, 
W native and foreign authors. See de V emeuil and 
CoUomb, Coup d^il sur la Constitution Gdolo- 
gique de qualques Provinces de TEspagne, Ap- 
pendice Bibliographique, Bull. Soa Gdol. Fr. 2nd 
ser. vol. X. p. 138, where a very copious list of au- 
thors is nven, oomprisiim upwards of 160 publica- 
tions in the last hundredyears. At the Meeting 
of the British Association for the Advancement ox 
Science in 1850, 1 presented, on the port of M. de 
Verneuil, his remarkable work, the first geolo- 
gical map of the whole Peninsula, accompanied 
by a short notice. Since that time my oollea^e 
has often revisited Spain, and in 1864 published 
with M. CoUomb a geological map of tne Penin- 
sula. The high antiquity of the crystalline rooks 
of GaUioia is affirmed on the authority of M. 
Schultz, who has made a geological map of that 


province, and is completing a beautiful map of 
the Asturias. The tracing of Silurian rooks into 
the Toledo Mountains is due to the zealous re- 
searches of the late Casiano de Prado, to whom 
we also owe the proofs that the quicksilver-mines 
of Almaden are in Lower Silurian rocks. Many 
of the fossils (chiefly Devonian) from the North of 
Spain were first found by M. Paillette, whose de- 
scription of the rooks of that age is given in the 
Bull. Soc. G^ol. France, vol. ii. p. 439. A sketch 
of a geological mw of Spain was also jmblished by 

M. Ezquerra del Bayo m Leonhard und Bronn*ii 

N. Jaubuch, 1851. In several of his excursions M. 
de Vemeuil was accompanied by M. CoUomb, who 
has Ukewise given a sketch of the general ^ewa 
they then acquired of the structure of the Penin- 
sula in the Biblioth^ue UniverseUe de G«nhre. 
Even whilst I write M. de Vemeuil is again in 
Spun preparing a new edition of his Map (April 
6, 1867). 

I The mean altitude of the Plateau of Old Cas- 
tile, for example, is firom 2150 to 2^ English feet, 
and that of New Castile about 300 feet less. 
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the Eealous Spanish geologist who published two years ago an excellent geo- 
logical noiap of the Province of Madrid, has shown that the gneiss and other 
crystalline schists and subordinate limestones pierced by granites, and much 
♦ altered, rise to heights exceeding 7000 feet. These are flanked by schists and 
siliceous sandstones, which are classed as Lower Silurian, because they contain 
the Gruziana or Bilobites, a fossil which occurs in rocks of that age in France 
and Britain. 

A suggestion made by Barrande, from an inspection of three imperfect heads 
of the Trilobite Ellipsocephalus, collected by Casiano de Prado in the Montes de 
Tcdedo, that the ' Primordial Zone ’ is also present in the Penin8ulc^ has been 
completely justified by Casiano de Prado himself, who discovered Paradoxides 
and Conocephalus in a band of red limestone in the Province of Leon (see 
Bull. Soc. Geol. Fr. 1860, vol. xvii. p. 516, the fossils being described by de Ver- 
neuil and Barrande). More recently, in 1863, MM. de Vemeuil and Louis 
Lartet also discovered a ‘ Primordial ’ Silurian range with the same species of 
Trilobites near Daroca ; they found it also in various parts of the Silurian Sierra 
which extends from Daroca to Moncayo Revista Miners,’ vol. xiii. p. 479). 

The upper part of the Lower Silurian corresponding to the Caradoc, if not in 
part to the Llandeilo formation, is fully developed in Spain, especially, as M. de 
Vemeuil indicates, in the Sierra Morena, the Montes of Toledo, and the Sierras 
of Aragon, near Origuela, Molina de Aragon, &c. 

In crossing the Sierra Morena from Almaden on the north to Cordova on the 
south, de Vemeuil recognized an ascending order. The inferior strata consist of 
schists and some intercalated dark limestones, with quartzose sandstones — ^the 
latter not imlike the British Stiper Stones (see p. 39). These, being the hardest 
and least decomposable portions of the strata, form the summits or peaks of the 
low ridges, and clearly exhibit the strike or range of the masses, which is from 
east 10° north, and west 10° south. The celebrated quicksilver-mines of Alma- 
den occur at the foot of one of the quartzose ridges of this age, as determined by 
Casiano de Prado who published in the 'Bulletin’ of the Geological Society 
of France (vol. xii. p. 182) a geological map of this tract. The same zealous 
explorer also traced the continuity of Lower Silurian rocks from the Sierra Mo- 
rena into Gallicia, — the range passing through Estremadura and by the Sierras 
of Gata and Francia. Most of the mountains which, extending from S. to N., 
form the boundary between Spain and Portugal may thus be considered to be of 
the same age. The Lower Silurian rocks of the Sierra Morena range eastwards 
to the city of Alcarraz, where they subside under the Secondary formations of 
Murcia. 

The long chain of the Sierra Morena, which extends from Alcarraz to Cape 
St. Vincent, is separated from the metamorphic and crystalline coast-range of 
the Mediterranean by a mountainous country composed of Secondary and Ter- 
tiary rocks. The ages of all the rocks in this coast-range, of which the Sierra 
Nevada is so prominent a feature, are still doubtful. One of the mineral cha- 
racteristics of that lofty region is, that it contains immense masses of limestone 
which occasionally are dolomitic, and rise into lofty peaks, unlike any portion of 
the outline in the Silurian and Devonian rocks of the Sierra Morena. It has 
indeed been suggested by M. Pellico, that the southern coast-chain may be of 

* In the summer of 1866 this hieh-minded, able, veins, bat to hare impregnated the vertioed strata 
and undaunted explorer died at Madrid, the day of quartzose sandstone associated with oarbona* 
after his return from the Canary Islands, a victim oeous slates. The ooourrenoe of mercury with 
to his unbounded zeal for the advancement of such rooks is still more remarkable in the Astu- 
l^logical science. His death is a serious loss to rias, where mines of mercury are worked in coal- 
the OTogress of Spanish geology. strata. 

t The mercury of Almaden is said not to form 
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Silurian age, on account of the existence of very imperfect Orthoceratites and 
Corals *. Judging, however, from the mineral structure of the deposits and the 
nature of the intruding greenstones, viz. the abundance of limestone, and the 
absence of granite, so common in the Silurian range of the Sierra Morena, M. de 
Vemeuil is disposed to think that these metamorphosed rocks, or at least the 
upper calciferous part of the mass, may be of Triassic age. It is well known 
that these rocks are the sites of some of the richest mines of argentiferous 
galena, particularly near Carthagena, in the Sierra Almagrera, as well as in the 
Sierra di Gador and at the foot of the Sierra Nevada. 

The fossils found in the Sierra Morena and the Toledo Mountains occur usually 
in black shivery schist- The most prevalent is perhaps the Calymene Tristani ; 
but recently many other of the well-known French forms of Trilobites, in all 
about twenty species, have been detectedf, including lUeenus Lusitanicus ? or 
II. Salteri, Ajsaphus nobilis, Calymene Tristani, 0. Arago, Phacops socialis, Ph. 
Dujardini, Dalmania socialis, and D. Phillipsi, Barr.; Trinucleus Goldfussi, 
Barr.; llomalonotus (Plesiocoma) rams, Placoparia Toumemini, Orthoceras 
duplex, Bellerophon bilobatus, Redonia Deshayesiania, &c. ; also occasionally 
Graptolites have been discovered, of species well known in Brittany, Normandy, 
Bohemia, and Saxony. 

Now, whilst most of these fossils are also found, as has been stated, in the 
slaty schists of Angers* and Vitr4, in France, which the I’rench geologists have 
mapped as Lower Silurian, several are identical with Bohemian species pub- 
lished as of the same age by Barrande. It is also well worthy of notice, since 
the fossils generally resemble so much those of Central Euippe, that the very 
common British species Bellerophon bilobatus, and the remarkable Cephalopod 
Orthoceras duplex (so characteristic of the Lower-Silurian fauna of Scandinavia 
and the North of Europe), should also be found, though very rarely, as M. de 
Vemexiil remarks, in this southern parallel. Some of the Silurian fossils enu- 
merated were first discovered by M. Casiano de Prado, near Molina, in Aragon. 
They have subsequently been traced there by the same geologist, and also along 
the eastern borders of New Castile, where they occur in black Graptolite-schists 
which jut out from beneath the Secondary deposits. These Silurian schists have 
further been followed by the same author in the mountains of Checa, Horea, 
Origuela, and Monterde. 

K any Upper Silurian rocks can be said to exist in Spain, they are, as in 
France, only thin courses of black schist, with spheroidal calcareous concre- 
tions in which Graptolites occur, together with Orthoceras Bohemicum and O. 
styloideum of Barrande, and the British Cardiola intemipta. Such rocks, faintly 
exhibited in parts of the Sierra Morena, are also seen on the south fiank of the 
Pyrenees, near Ogasa and San Juan de las Abadesas, where they are recognized 
by the presence of Cardiola. interrupta and Orthocerata J. It is also supposed that 
a band of siliceous limestone pierced by elvans, or granitic dykes, and which ex- 
tends along the south side of the chain from Gerona,by Hostalrich, to Barcelona, 
may be referred to the same age, Orthocerata having been found in it near the 

* The fossils, alluded to by various authors, t In an examination by Casiano de Prado» 
were to be seen only in very old slabs used as Eusebio Sanchez, and B. de Vemeuil. For 
floor-stones in some of the houses of Carthagena. tails see the memoir of Casiano de FrMO, de 
Id. de Vemeuil went to that town to examine Vemeuil, and Barrande (Bull. Soo. Gtol. Fr. ser. 
these slabs, and recognized in them two of the 2. vol. lii. i>. 964). ^ -r • mv 

commonest fossils in Sweden, namely Orthficeras J By MM. de Vemeuil and de Lorifere. 
duplex and Asaphus expansus. The red colour of fossils near San Juan de las Abadesas were dis- 
the rook, as well as the fossils, suggested to him covered by M. Amalio Maestre ; they have been 
the idea that these slabs must have been brought quoted by Prof. Leymerie, from near St B6at on 
from Scandinavia. If this be the case, in the me- the north side of the Pyrenees, and they exist 
tamorphio rooks of the south coast-range no or- also in Sardinia, 
ganio remains are at present known. 


2b 
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last-mentioned dty by the late Mr. S. P. Pratt, who explored several tra^tg ^21 
Spain *. / 

Devonian Docks m Spain . — Devonian rocks are developed in the Sierrvi. 
rena north and south of Almaden^ and occur in several repetitions troughea 
Lower Silurian rocks, the fossils lying generally in sandstones or in sm^ banun 
of impure limestone. The most characteristic species are Productus subacu-*'^ 
leatus, Leptsena Dutertrii, Spirifer Vepmeuilii, Sp. Archiaci, Sp. Bouchardi, , 
Orthis striatula, Atrypa reticularis, A. Orbignyana, A. concentrica, Phacops j 
latifrons, &c. All these but one (A. Orbignyana) are common fossils at Bou- > 
logne ; and there are many others which are well known in French and Ger- 
man localities, besides some species peculiar to Spain, In the southern parts 
of Cuenca, near Hinarejos, de Vemeuil and Collomb also detected deposits con- / 
taining Lower-Devonian fossils, including the Spirifer macropterus of the/ 
Bhine t ; and in 1852 the equivalent deposits were traced at the eastern ex-V 
tremity of the Guadarama range between Atienza and Siguenza, by de Vemeuil ' 
and de Lori^re. 

Whilst the western parts of the Sierra Oantabrica, extending from the high- 
road from Leon to Oviedo, are now known to be composed of quartzose and 
schistose strata of Silurian age, Casiano de Prado having detected Graptolites in 
them, the middle part of this chain presents a very rich development of Lower- 
Devonian deposits %. These rocks consist of red sandstone, shale, and grey lime- 
stones, which, owing to powerful dislocations, assume bold and peaked forms, 
visible at great distances from the plains of Castile. They are as prolific in 
mineral wealth as^ in organic remains, the iron of Mieres and Sabero being ex- 
tracted from them §. Thanks to the labours of Schultz, Casiano de Prado, 
Paillette, de Vemeuil, and d’Archiac, the successive formations of these coun- 
tries are now becoming much better known. 

Carboniferous Docks of Spain . — Proceeding to the east, the Devonian rocks of 
the Sierra Cantabrica are succeeded in the Asturias by the richest Coal-field in 
Spain. Its lower beds consist of massive limestones, having so much resem- 
blance to the Devonian rocks on which they lie, that, except for their respective 
oiganic remains, they could with difficulty be separated. The fossils, however, 
are decisive of the superior rock; for among them are several well-known 
British species of Productus, such as P. semireticulatus, together with Spirifer 
Mosquensis, and even Fusulina cylindrica, the characteristic Foraminifer of the 
Carboniferous Limestone of Russia. Above these masses, beds of coal first 
begin to alternate with other and smaller courses of limestone ; and therefore in 
Spain as in Russia, and in the Lower Coal-beds of Scotland, the carbonaceous 
portion is subordinate to the Carboniferous or Mountain Limestone. Then 
follow conglomerates and sandstone, with fossil Plants, said to have a thickness 
of 10,000 feet, and which, probably representing the Millstone>grit of Britain, 
are copiously charged with coal, about eighty beds of it having been recognized, 
in strata for the most part vertical. 


» Bee Qnart Jonm. GeoL Lond. toI. viii. p. 270 . 
t M. quotes also the Leptaena Mur- 

ohiaoni in hia * Eaquiaae G^oloffiqtie de la Berrania 
de Cuenoa * (1866). 

I M. de Vemeuil haa identifled nearly 80 De- 
Tonian species from Sabero in Leon and from 
Ferrones and Aviles in the Asturias, which ought, 
he says, to be places of pilgrimage for all oolleo- 
ton. Of the works on tnis region, see, 1st, ‘ Ee- 
■ena geognostioa del principado de las Asturias, 
Vista ^olog. Bobre Cantabria,' by O. Bohnlta, 
Insp. Gen. de Minaa. 2nd, * B^herokes sur 


qnelqu'unes des roches des Asturios, et les fos- 
siles qu'elles contiennent,’ par Paillette, de Ver- 
neuil, et d’Archiao, Bull. Boc. GMol. Pr., 2nd series, 
vol. ii. p. 439. 3rd. ‘ Bur les Environs de Sabero 
(Leon),’ par Casiano de Prado et de Vemeuil, 
Bull.Aoo. O^ol. Pr. 2nd ser. vol. vii. p. 137. 

^ Though the coal of Sabero is apparently in- 
cluded among the Devonian rocks, M. Casiano de 
Prado thinks that this abearance may be due to 
inversion and folding of the various strata: so 
much has this Palieoaoio tract been convulsed. 
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The limestones that form the inferior limit of these Carboniferous deposits 
truly vindicate the propriety of the old English name Mountain-limestone ; for 
they rise to the highest points of the Cantabrian chain, and constitute the 
mountains of Cabrales and Cobadonga, as well as the Peaks of Europe (Picos de 
Europa). They also advance to the sea near Ribadesella, and penetrate on the 
east into the Provinces of Santander and Palencia*. The last-mentioned of 
these Provinces has during the last three years undergone a special and laborious 
survey by the late M. Casiano de Prado, who published a map, founded on his 
trigonometrical observations, which must prove of signal advantage to this rich 
mining region. The same untiring and successful explorer demonstrated that 
in no other part of Spain is the Carboniferous Limestone so rich in fossils, inas- 
much as he detected at least 100 species in this one tract. 

The Carboniferous deposits of the Sierra Morena range along the southern 
part of that chain. Like similar formations in the north of Spain, their lower 
beds generally contain limestones in which occur the same species of Productus 
and some marine fossils that are known in other regions. The coal is chiefly 
associated with overlying conglomerates and sandstones ; some of it, however, 
as in the Asturias, is said to lie in the calcareous series. The best coal-fields of 
this southern region are at Villa Nueva del Rio near Seville, and in the neigh- 
bourhood of Belmez, between Almaden and Cordova, where the strata are 
highly inclined. 

On the flanks of the crystalline schists, probably metamorphic, which form 
the Sierras east of Burgos, towards Brieva de Guarros and Escaray, are also 
masses of sandstone and shale with impressions of Plants and traces of coal, 
associated, as in the other Spanish coal-fields, with a few marine fossils. These 
rocks are mentioned only to show how generally the same Palaeozoic succession 
prevailed over the Peninsula before the country was thrown up into those ridges 
which now form the lines of separation between its different provinces. 

Whatever be their direction or inclination, the Silurian, Devonian, and Lower 
Carboniferous rocks of Spain have all been conformably and, apparently, simul- 
taneously elevated, as in France. 

The existence of Permian rocks in Spain is rather doubtful, no fossils of that 
age having yet been found in so southern a part of Europe. Led, however, by 
mineral analogies and other characters, an able French engineer, M. Jacquot, has 
recently proposed to range as Permian a great arenaceous red deposit in the 
Serrania de Cuenca, which he considers to be the equivalent of the ^Roth- 
liegende ’ and the ^ Gr^s des Vosges ' (Esquisse g^ologiquo de la Serrania de 
Cuenca, 1866). 

Although the present work does not treat of the Secondary rocks, it is due to 
my eminent associate de Vemeuil, and his fellow-traveller, M. Collomb, to state 
that, besides tracing Jurassic and Cretaceous deposits, they detected true Mus- 
chelkalk fossils near Mora on the Ebro, and in various other localities, clearly 
demonstrating the existence of Trias in the Peninsula t- 

Silwian and Carboniferous Deposits in Portugal . — English geologists are in- 


* During the Btunmer of 1852, MM. de Ver- 
neuil, CaBiano de Prado, and Loribre asoended 
one of these lofty peaks of Mountain-limestone, 
and found, by baromotrioal observation, that it 
was 2500 metres, or about 8200 English feet, above 
the sea. It was covered with snow on the 1st 
August In the summer of 1856, M. Casiano de 
Prado asoended the highest of all these peaks, 
and detemined its height to be 2650 metres, or 
8692 English feet ! 

t Some badly preserved fossils of Triassio age 


had been weviously observed by Casiano de 
Prado. dA vomeuil, and de Lorifere, at Boyuela, 
V of Albaracin. Besides giving to 

the public a valuable table of the chief altitudes 
of this rugsed and rocky region (see Comptes 
Bendus de l^cad. des Scienoes, vol. xliv. p. 12^), 
MM. de Vemeuil and Collomb have published a 
map of the distriot (1864). It has been reported 
that lately Professor Vilanosa has discovered new 
localities where Triassio fossils are found. 


9 E 2 
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debted to tbe late Mr. Daniel Sbarpe for nearly all they know of the real struc- 
ture and succession of the sedimentary rocks of the kingdom of Portugal, 
whether of Palesozoic or Second^ age*. 

Of the former, two notable examples have been pointed out, and probably 
many more will be detected, in addition to another case to be presently noticed. 
The first noticed was at VaUongo, in the immediate environs of Oporto. There 
the Lower Silurian rocks, precisely of the same mineral type as those of France 
and Spain, and including the same fossils, together with two or three British 
forms and some new species, rise up in highly inclined and vertical strata ; and, 
as at Angers and other places, are quarried for roofing-slates. 

An anomalous arrangement of the lower and higher deposits, however, is there 
apparent. The coal-field of Vallongo, which has supplied a considerable' portion 
of the city of Oporto with fuel, and in which are certain Plants not distinguish- 
able from those of the Carboniferous era, dips under the Lower Silurian schists 
with their characteristic Trilobites I Now, if this had been really the normal 
position of the plant-bearing strata, we should have had to believe in the existence 
of an ante-Silurian flora composed of the same terrestrial vegetation as that 
which, in other regions, we find only when we approach to the horizon of the 
great coal-fields. Believing fully in the accuracy of Mr. Sharpe’s sections, I 
saw, however, from his own faithful description of this district and the region 
to the south of it, that we might without difficulty surmise how this apparent 
anomaly has been brought about. The Lower Silurian rocks and the contiguous 
Coal-strata (for the coal is not found within the body of the lower slates) are 
both situated between two ranges of eruptive rocks, — ^the one on which Oporto 
stands being granite, and the other, to the east, syenite. On the flanks of the 
granite of Oporto, mica^jeous schists abound, which, if metamorphic, may be of 
any age ; but, even if these be of ante-Silurian date, we have simply to imagine 
a trough of coal, of the true Carboniferous date, placed between these schists, 
on the one hand, and the clay-slates with Lower Silurian fossils, on the other, 
and then, by a movement of which we have many well-authenticated examples 
both in Europe and America, that this trough has been placed locally in an in- 
verted and dislocated position. 

The enormous length of time which must have elapsed between the accumu- 
lation of the Lower Silurian and the formation of the Devonian rocks, and during 
which interval we have here no evidence of Land Plants having appeared, forbade 
us, indeed, to adopt the view of an infra-Silurian coal, until we had exhausted every 
other means of explaining the anomaly; for the plications of the strata in Belgium, 
as delineated by M. Dumont, or those in Westphalia, mentioned in this volume (p. 
403), or those in the Alleghanies (described by Prof. Rogers), explain how strata 
really inverted in one place, may be followed until they resume their regular order. 

Wedged in, as these Silurian and Carboniferous masses of Portugal are, be- 
tween two flanking parallel ridges of eruptive rock, it was no doubt difficult to 
detect their regular order — ^though, even in describing a transverse section from 
Oporto to Aveiro, Mr. Sharpe himself stated that clay-slates, lying on gneissose 
and micaceous schists, are surmounted by carbonaceous shale and red sandstone. 
This I conceived to be the natural order, because even in the adjacent districts of 
the north of Spain, to which that geologist first pointed attention as being likely 
to contain Silurian rocks, there are no traces whatever of anthracitic coal-mea- 
sures beneath or associated with such ancient rocks, all the Carboniferous depo- 
sits of that region being, as previously stated, in their usual and normal position. 

* Bee Quart Joum. QeoL Boo. Lond. vol. t. p. 142; vol. vi. pp. 101 & 135; toI. ix. p. 146. 
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The question, indeed, was thus settled whilst the first edition of this work 
was printing j for Mr. Sharpe then communicated to the Geological Society of 
London* the discovery of fossils, accompanied by important observations made 
by M. Carlos Ribeiro, which showed the prolongation of the same axis of Silu- 
rian rocks from north-north-west to south-south-east, far beyond the Douro. 
The rocks in question form, in fact, the crest of the Serra de Busaco, on which 
Wellington and Massena first tried their strength, and thence extend to the 
south-south-east beyond the River Mondegot into the Serra de Mucella. During 
the greater part of their course, the Silurian rocks are surrounded or fianked by 
older unfossiliferous masses, consisting of mica- and chlorite-schists with clay- 
slate &c. These crystalline rocks are at once followed by dark-brown indurated 
shales, somewhat slaty, which abound with Lower-Silurian fossils, among which 
Mr. Sharpe recognized numerous species of Leptssna and Orthis, with Trilobites, 
many of them previously undescribed. He identified indeed the most charac- 
teristic of the Trilobites with species well known elsewhere — ^Trinucleus Pon- 
gerardi, Calymene Tristani, and C. Arago of Brittany, also Phacops socialis of 
Bohemia. The lower fossiliferous rock of Busaco therefore obviously represented 
the oldestzone in France and Spain then known to contain remains, and was identi- 
cal with that described by Mr. Sharpe at Vallongo near Oporto. That zone is sur- 
mounted, and chiefly along the middle of the ridge of Busaco, by a band of hard 
ochreous shale,' frequently altered by eruptive masses of greenstone and generally 
breaking up into prisms, the bedding being scarcely distinguishable. This rock, 
probably equivalent to the sandstone of May in Normandy, is full of small Corals, 
such as Favosites fibrosus, besides species of Retepora (?), also many simple- 
plaited Orthides, and some Trilobites common to the subjacent deposit, — ^the 
whole of the evidence proving clearly that it is simply a superior member of 
the Lower Silurian group. In short, the uppermost of these Silurian rocks in 
Portugal is apparently the same zone we have been considering in Spain and 
France — ^viz. a bluish shale or argillaceous schist, containing the well-known 
British fossils Graptolites Ludensis and Cardiola intermpta, with other Mollusks, 
also numerous crushed specimens of Orthoceratites. 

Now all these Silurian rocks are overlain unconformably by a deposit of true 
Carboniferous age, the shales and sandstones being full of Ferns and other 
Plants of species common in the Coal-deposits of France and Germany. Thus, 
when traced out, the apparent anomaly at Vallongo was resolved by a case per- 
fectly analogous to the examples given in previous parts of this work, and the 
order of succession was proved to be the same as in other regions. 

The exact age of many of the crystalline stratified rocks which form the hilly 
and mountainous region separating Portugal from Spain, and wrapping round 
the north of the former country, has not yet been accurately defined. That 
many of them are the metamorphosed varieties of the Silurian and other Palaeo- 
zoic rocks under consideration is almost certain. In parts of Portugal they are 
richly metalliferous ; and some of their products have been well described by 
J. A. C. das Neves Cabral, who acted as the Commissioner of the Portuguese 
Government at the International Exhibition in London in 1862. 

Sardinia and Upper Italy , — Extending our inquiry eastwards from Northern 
Portugal and Central Spain to like parallels of latitude on the other side of the 

* Quart. Joum. GeoL Boa Lond. vol. ix. p. 136. Iberian Peninsula. Aifcer the victories in Portu- 

t The author craves pardon of the reader for eal he was in that Division of the Army, under Sir 
stating that, vtrhen a young Ensign (sixteen years J ohn Moore, which marched through so large a 
of a^ in the 36th Regiment, he disembarked, on portion of Spain from Radios to the Esoorial, 
the Ist of August, 1808, at the mouth of this River and thence northwards, terminating in the retreat 
Mondego, a^ close to the boat from which Sir to Corunna. 

A. Weflesley first stepped on the shore of the 
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neiglibouiing portion of the Mediterranean^ we again meet in Sardinia with a 
RiTn^lfty auccession of Palaeozoic deposits. GK^ologists owe this determination 
to the researches of General de la Marmora^ so long favourably known to geo- 
graphers for his beautiful topographical map of that island. Judging from cer- 
tain Orthidse and Orthocerata which this author sent to me in the year 1848, 
1 had no doubt that Silurian rocks existed in Sardinia^ as laid down indeed 
by Oollegno in his geological map of Italy. I have since been informed by M. 
Barrande^ who has personally inspected the rocks and fossils in the southern 
part of the island^ near Flumini Maggiore^ that in his opinion both Lower and 
Upper Silurian rocks are there present. 

Li addition to the work by General de la Marmora, accompanied by an ela- 
borate map, it has been shown by Professor Meneghini of Pisa that several of 
the fossils collected by the General and his assistant M, Vecchi are well-known 
Silurian forms. Among these may be mentioned Orthis Lusitanica, Sharpe, 0. 
testudinaria and 0. vespertilio. Sow., &c. Other fossils are, on the contrary, 
Upper-Silurian types, such as Orthoceras ibex, 0. gregarium P, Sow., and several 
others, besides Gardiola and Avicula. 

General de la Marmora informs us that all these Silurian or other rocks *, 
and the metamorphic masses with which they are associated, are distinctly sur- 
mounted by strata containing anthracitic coal, charged with many of the fossil 
Plants which prevail in the old Coal-deposits of other regions. Thus among 
the fossils from Seni and Sculo Professor Meneghini has recognized Pecopteris 
arborescens, P. dentata, P. unita, P. polymorpha, P. hemiteloides, and several 
others, with species of the genera Odontopteris, Neuropteris, Sphenophyllum, 
Annularia, Asterophyllia, Sigillaria, Syringodendron, and an abundance of the 
well-known Calamites Suckowi. 

In fact, the strata in which these Coal-plants occur, and which terminate 
downwards in conglomerates t, rest in completely discordant positions on the 
older rocks, and in this highly altered tract are covered by dolomites of the 
Jurassic age. 

Schists and conglomerates, though not so carbonaceous, but charged with 
many Plants similar to those of Sardinia, have indeed been described by Pro- 
fessors Meneghini and Savi in the older rocks of Tuscany, which at Jano con- 
tain Productus semireticulatus and other Carboniferous fossils. This group of 
rocks is therefore no longer to be vaguely classed as Palaeozoic, but takes 
a definite place, like parts of the Carinthian Alps near Bleiberg, where the same 
animal-remains occur, and thus is proved to be truly of the Carboniferous epoch. 
These facts, which were unknown in 1848, when I last published upon the Alps 
and Apennines t, are most important, and lead us to infer that the traces of the 
coal which are associated with certain Land Plants in parts of the Western 
Alps, are also of the old Carboniferous age j for the conglomerates and schists 
with which such plants are associated in the Alps are the precise equivalents of 
the ^ Verrucano ^ and schists of Sardinia and Northern Italy; and these lie be- 
neath strata of Triassic, Liassic, and Jurassic age. 

It has already been stated that rocks containing Silurian, Devonian, and Car- 

* It is right to state that whilst M. de Vemeuil p. 167, and particularly its translation into Italian 
^ seen unquestionable Upper-Bilurian fossils by Professors P. Savi and Meneghini, entitled 
from Sardinia, which on the part of Gl-eneral de la ‘ Btruttura G-eologioa delle Alpi, degli Apennini e 
Marmora I submitted^ to him, he is of opinion dei Carpazi,' followed by their * uonsiderazioni 
that some of the fossils (of which, however, he snlla G-eologia della Toscana ' (Florence, 1850), in 
only saw drawings) are of Devonian age. It is which these distinguished Itmian geologists an- 
probable, therefore, that the succession will even- nounoed the important discovery of the true old 
tu^y be found to ^ simUar to that of Spain. Carboniferous formation in the hills near Volterra. 

t , my Memoir on the^ps, Apennines, and J Quart Jonm. GeoL Soo. Lond. vol. v. pp. 

Carpathians, Quart J oum. Geol. Soa Lond. vol. v. 167, &o. 
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boniferous shells occur in the Austrian or Eastern Alps. With these data before 
us, and looking to the prodigious amount of metamorphism, dislocation, convolu- 
tion, and inversion to which the component parts of that chain have been sub- 
jected in their extension to the west, we can have little dij£culty in imagining 
how the Silurian and Devonian strata have there passed into a crystalline state; 
while the sole remnants of the Carboniferous rocks, identifiable through their 
organic remains, are the plant-bearing conglomerates and schists of the Valorsine 
and of certain tracts around Mont Blanc, which have been so twisted up as often 
to appear to be intercalated among the Secondary rocks. Indeed the long-dis- 
puted question of the age of the anthracites of the Tarentaise has been at last 
settled by the labours of MM. Vallet, Lory, Pilhet, and A. Favre ; and, since 
the Meeting of the French Geologists held in 1861 at St. Jean de Maurienne, it 
has been admitted by most geologists that these schists belong to the true Car- 
boniferous era. 


Note , — The ensifonn bodies occurring in the GTrilobite-slates of St. Leonhard, La Sarthe, 
France, and supposed by M. Marie Bouault to be Ichthyolites, have not the least relation 
to Yertebrata, or possibly to anything of higher order than Fucoids. See Appendix G 
of the last edition of this work, and Comptes Bendus de I’Acad. vol. xlvii. p. 469. In 
fact, no trace of Yertebrata has been discovered in the Silurian rooks of France. — 
AprU 1867. 
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CHAPTER XVm. 

SUCCESSION OF PRIMEVAL ROCKS IN AMERICA. 

0&D£B OF THB PALJSOZOIC BOCKS IN SOUTn AHEBICA (thB ANDEB), THE UNITED STATES, 
AND BBITISH NOBTH AMEBICA. 

The researches of geologists have demonstrated that there was a wide 
diffusion of similar groups of animals over the globe during the Primeval 
Periods. A striking proof of this fact is, that many of the Palaeozoic fossils 
which we have followed over the various countries of Europe are found to 
have unquestionable equivalents in the continent of America. 

It is in America that the discovery of animal life in the Laurentian 
or oldest known sedimentary rocks was made, which has been followed by 
a similar discovery in Europe. The highly important researches of Logan 
and his associates, demonstrating that aU the Palseozoic rocks, so well de- 
scribed in the United States by Hall and others, repose upon the double 
series of highly metamorphosed gneissic strata in which the Eozoon Ca- 
nadense occurs, have been explained in the First Chapter of this work (p. 11 
et seq.). These Laurentian rocks, though very extensivS in North America, 
constitute a low mountain-chain compared with the much younger and 
loftier Andes, which, as described by Humboldt, form the main geogra- 
phical axis of the great western continent. 

The oldest of the slaty and quartzose formations so admirably delineated 
by that great traveller, in whose youthful days fossils were little studied, 
have since been referred, by means of their organic remains, to the Silurian 
System. Following up the inquiries of his precursor, Alcide d^Orbigny 
showed, in maps and sections, as well as by descriptions*, that these 
rocks contain the fossil Sea- weed (?) Cruziana (or Bilobites), with Grapto- 
lites, lin guise, Orthidae, and Trilobites of the genera Asaphus and Phacops 
(Calymene). He further pointed out that these Silurian masses are suc- 
ceeded by sandstones and siliceous strata probably of Devonian age, and 
the latter by limestones and other rocks, charged with fossils of the Car- 
boniferous era. Subsequently Mr. D. Forbes, correcting some errors of 
d^Orbigny, has thrown much new light upon the succession and contents 
of these Palaeozoic rocks in Chili and Peru f. 

The Silurian slates and schists form enormous bands ; and examples of them 
are well exhibited on the declivities of the plateau of Bolivia, as well as on the 
flanks of the Cordillera extending from Sorata to mirnanni. They are, in most 

* Bee * Voyage dana I’Axndriqne Mdridionale/ Lake of Titicaca, let me aa;^ that he waa the flrat 
tome iii,, Fartie Gdologique, Faria, 1842. In peraon who made me acquainted with the occur* 
juatioe to my friend Mr. Fentland, ao well known renoe of Silurian Trilobitea in the slaty rocks of 
to eeographera by hia measurements of the high this chain. 

peaks of the Peruvian Andes, around the lo^ t See Quart. Joum. GeoL Soc. vol. XTii. p. 7 &c. 
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parts of their range^ metamorphosed^ and in this state extend irom Chili on the 
south * through the Rocky MountaiM to the north. Even in Texas they have 
been recognized by F. Romerf. Including the quartz-rocks which are asso- 
ciated with them; they constitute the chief matrix oi the gold and other metals 
so extensively worked along this great chain (see Chapter XIX.). It has been 
suggested by d’OrbignyJ that the huge stratified quartz-bani described by 
Humboldt may be the altered equivalents of the Devonian sandstones; in which 
he detected various characteristic fossil shells j but if doubts be entertained 
whether the quartz-rocks of the Andes may not be of Upper Silurian rather 
than of Devonian age, there can be no hesitation in referring the next deposits 
in ascending order to the Carboniferous or true Upper Palseozoic group. At 
numberless ploceS; limestones have been observed charged with well-known 
Carboniferous fossils. Several of them, as Productus Cora, Spirifer striatus, 
Athyris Roissyi, &c., are specifically identical with forms that characterize the 
strata of this era in Europe and other parts of the globe. As these rocks are 
associated with, or followed by, accumulations of coal, the general relations of 
this series are clearly Carboniferous. 

We now know, therefore (and the recent explorations in California, Oregon, 
&c., have confirmed the view), that sedimentary deposits of Silurian, Devonian, 
and Carboniferous age constitute some of the loftiest ranges and metalliferous 
plateaux of the American Continent. These were, in ancient times, penetrated 
by granites, porphyries, trachytes, and other eruptive matters; and in the 
modem era they form, in some localities, the seat of active volcanic forces. In 
the sequel it will also appear (see Chapter XIX.) that not merely the Palseozoic, 
but the Secondary deposits up to the Cretaceous inclusive, sometimes, indeed, 
even to Tertiary formations, have been so strikingly metamorphosed as to re- 
semble much more ancient rocks, and occasionally have been traversed by au- 
riferous veinstones in the coast-ra7iges of California!. 

To bring, however, the older formations of America into accurate parallel with 
those of Europe, we must quit the chain of the Andes and the high grounds of 
Mexico, and turn to British North America and the vast territories of the United 
States. In large portions of those regions the older strata have been compara- 
tively exempted from igneous disturbances, and geologists have been able to 
demonstrate the order of succession to be the same as that of which numerous 
proofs have been recited in the preceding pages. 

The great fundamental ^ Laurentian system ^ of Logan, on which all the other 
sedimentary deposits repose, extends westward to the Lakes Winnipeg and 
Superior, and, crossing the St. Lawrence at the Thousand Islands, reappears in the 
Mountains of Adirondack, in the State of New York. Just as the oldest gneiss 
of the north-western coast of Scotland (see diagram, p. 109) is the foundation- 
mass of all the rocks of the British Isles, so on a much grander scale is it the 
oldest rock of the vast western continent. Divided into two masses, the lowest 
and by far the largest of these, in which the Eozoon has been found, has been 
noticed in the First Chapter of this volume. For the wide spread of the Lower 
Laurentian in British North America, the reader is referred to the admirable and 
clear map published by Sir W. Logan in the ‘ Report of Progress of the Geolo- 

* In the admirable work on South America, h&ltniase, 1849. 
by Mr. Charles Darwin (1846), the only Palaeo- I See Cordier, * Rapport h TAcaddmie Royale 
Eoio fossils alluded to are those of the Falkland des Sciences sur les rdsultats scientiflques du 
Islands (Upper Silurian? and Devonian), though Voyage de M. Aldde d’Orbigny dans TAmdrique 
it is probable that some of the clay-slates &c. in du sud, pendant les 8 anndes depuis 1826 jusqu^h 
the ol^n of the Chilian Andes, to which he ad- 1833,' 1842. 

verts, are of older age. % See Whitney’s *Geol. Survey of California,^ 

t RSmer, ‘Texas, und die physisohen Ver- 1866. 
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gi6al Surrey of Canada^’ 1865. The relations of all the PalsBozoic rockS; from 
that fundamental gneiss upwards^ are therein so clearly developed, even upon a 
small scale, as to render that map worthy of the admiration of every geologist ; 
for in it twenty-five divisions of those ancient rocks are described with clearness 
and precision *. 

L^e the venerable Scottish gneiss, the Laurentian of North America is 
also unconformably surmounted by hard sandstones, conglomerates, and schists 
(with limestone and chert), which, attaining the vertical dimensions of about 
12,000 feet on the north shore of Lake Huron, have been termed ^ Huronian.' 
This Huronian group or system which has been paralleled by Logan with the 
Cambrian or Longmynd rocks of Britain, is covered transgressively by the lowest 
of the fossiliferous bands of the Lower Silurian or Potsdam sandstone (c^ of 
Section, p. 169). 

For the present we may leave the consideration of those other crystalline 
rocks which form a broad and long zone, ranging from S.S.W. to N.N.E., along 
the seaboard of the United States, and extend into Canada and the British 
Colonies of Nova Scotia, Newfoundland, and New Brunswick. Now, al- 
though in geological maps of North America t these rocks have been hitherto 
laid down under the same colour as those of the Laurentian system, they are 
essentially distinct from the old gneiss and its associates, and are, as will pre- 
sently be shown (at least in several parts), nothing more than highly meta- 
morphosed Lower Silurian strata, thus afibrding another analogy to the rock- 
masses of the north-western Highlands of Scotland already described (p. 163 
et seq.). 

It is on the western flank of the Appalachian chain, and to the south, north, 
and west of the Laurentide Mountains, that the Paleeozoic formations are best 
exhibited. They consist of Lower and Upper Silurian, Devonian, and Carbo- 
niferous rocks, and are repeated in broad undulations, forming basins of a gran- 
deur and extent unknown, as yet, in any other part of the world excepting 
Bussia. In this way they occupy lai^e portions of the southern and western 
States — ^Alabama, Tennessee, Arkansas, Wssouri, Illinois, Indiana, Iowa, Min- 
nesota, and Wisconsin. Such deposits range, too, along the southern side of the 
great chain of lakes, and are spread over extensive tracts of New York, Penn- 
sylvania, Maryland, and Virginia, where their stratigraphical features have been 
elaborately worked out, andj their organic remains described, by many distin- 
guished American geologists. 

These authorities have honoured my labours by including the lowest of 
these great masses of fossiliferous rocks in the Silurian system j whilst all my 
cotemporaries J who have gone from Europe to explore the United States, or 


* This work is the result of the labours of the 
Goological Surveyors of Canada, namely Logan, 
A. Murray, T. Bterry Hunt, and E. Billii^ as- 
sisted, as regards the adjacent parts of the United 
States, by Professor James HaU, and in the ad- 
jacent British Colonies W Principal Dawson, Pro- 
fessors James Robb, J. B. Jukes, and others. 

t The mi^Mi of Lyell, Maroon, and others, which 
have represented these eastern crystalline stra- 
tdfled rows, with their various intrusive or igneous 
rocks, whether granite, porphyry, or greenstone, 
& 0 ., under the same Primary colour as the Lau- 
rentide Mountains, must now undergo great mo- 
dification. st^ment made in the first edi- 
tion of this work (p. 410) is also incorrect. 

1 See Bigsby, Trans. Qeol. Soo. Lond. ser. 2. 
voL L, and Quart Joum. GeoL Soo. vols. viii., 
xiv., XV., &0. Peatherstonhaugh, Rejports on the 
CountriM between the Missouri and Red mvers, 


and of Winoonsin, Sco., Washington, 1885-86 [my 
old friend Mr. F. first made known to me the ex- 
istence of the Silurian series in the United States]. 
Lyell, Travels in North America, with general 
map, 1841-42 : London, 1843. Lyell's Geological 
Manual, 3rd ed. p. 351. Castelnau, Syst^e oilu- 
rien de TAmdrique Septentrionale. Paris, 1843. 
DeVemeuil, Bulletin de la Sooidt5 Gi^olomque 
de France, 2nd ser. vol. iv. 1847. Rioharason, 
Narrative of an Arctic Searching Expedition, 2 
vols. London, 1851. Logan, Gemogic^ Survey 
of Canada ; Reports to Legislative Assembly, and 
maps. Logan and Salter on the Rooks of Lower 
Canada, Brit Assoc. Reports, 1852, p. 59 ; Quart. 
Joum. Geol. Soc. Lond. vols. ix. 3 k. Ferdinand 
R5mer, Texas und die physischen YerhUltnisse 
des Landes: Bonn, 1849, with geological map. 
Desor, Bull. Soo. GdoL Fr. ser. 2. vol. ix. p. 842. 
Jules Marcou, Geological Map and Desonption 
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the adjacent territories, have recognized Silurian rocks, both Lower and Upper, 
followed by deposits of Devonian and Carboniferous age *, In the Canadas, 
where Bigsby and others were his precursors, Logan, the Director of the Geo- 
logical Survey of that great Colony, has mapped enormous tracts both of Lower 
and Upper SUurian rocks ^ whilst Kichardson, triumphing over all the obstacles 
of the inclement North, has followed Silurian limestones along the western 
flank of the gneissic chain from Lake Winnipeg to the mouth of the Mackenzie 
Kiver. The latter has also shown to how great an extent these strata wrap 
round the huge crystalline nucleus of North America, and form the edges of the 
continent towards the Arctic Sea. In many of the Ajctic islands, too, Upper- 
Silurian fossils have been detected by the sMlfiil navigators who have sailed in 
search of the lamented Franklin. 

Let me first allude to some of those tracts which, through the labours of geo- 
logists in the United States, have been rendered classical in our science, and 
where the types of comparison have been sedulously and accurately de- 
scribed t. 

PdlcBozoic Rocks of the United States . — ^The State of New York presents a 
noble series of Palasozoic deposits, as laid open on the banks of many rivers. 
By the examination of these natural sections, the geologists of that great State 
have been enabled to describe a detailed order which is remarkable for its sym- 
metry and unbroken condition from the base of the Lower Silurian to the Coal- 
measures inclusive, the whole being generally arranged in slightly inclined 
and conformable strata X i — 

1. Silurian Rocks . — ^The local subdivisions (about eighteen in number, and of 
' very unequal dimensions) of which the Silurian system, so admirably described 
by Mr. James Hall, is composed in the State of New York are compared with 
their European equivalents in a Table which follows (p. 446). Independent, 
however, of these numerous subdivisions, the lower portion of the series has 
been admitted by American authorities to be divisible, as in Europe, into two 
groups, each characterized by peculiar fossils. Thus, from the ^ Potsdam Sand- 
stone,’ or base of the whole fossiliferous series, up to the slates and arenaceous 
schists of the Hudson-river Group, overlying the Trenton Limestone, the mass 
so composed represents the Lower Silurian. In this view, de Vemeuil, Logan, 

of the United States and British North America : rooks are little developed. Thus the works ti 
Boston, 1863. This work contains a list of writers Hitchcock, whose description of the strootore of 
on American Geolo^. Lastly, the nun^erons his native State, Massachusetts, with its aooom- 
books and memoirs descriptive of the geological panjing map, are models of geolc^oal mono- 
researches both of the State-Q-eologists and of the gmphy, — of I>ana, whose insight into the natural 
Explorers of the great western territories and the history of Zoophytes, and whose philosophic re- 
passes of the Koc^ Mountains ; as well fua the flections on the outlines of the earth, have seoured 
reports of the Arctic voyagers. for him a wide reputation, — and the various oon- 

* It was mv anxious desire to visit the United tributions to the excellent ‘Journal* of my friend 
States and the Canadas in 1868, when illness the late Professor SUliman, — ^must now be passed 
prevented the enjoyment and instruction 1 had over, although, if general geology were my ob- 
promised myself. As, however, my place was ject, th^ would be eagerly appeiQed to. Nor will 
taken by my associate Bamsay, whose acquaint- the reader find in the text any allusion to the 
ance with the British Paleeozoic rocks is as exten- labours of some authors who nave been h^ly 
sive as it is accurate, 1 was fortunately enabled, useful in building up tlie now weU-estabUshed 
through his communication!^ not only to correct series of the older formations, such as Maolure, 
severm errata in the first edition, but to bring the Eaton, Troost, Emmons, Perceval, Vanuxetn, 
older formations of America into a much more Conrad, Jackson, Foster, Thompson, Whitney, 
accurate parallel with our own deposits than and others. The few works above referred to are 
could otherwise have been attempted. This will necessarily those in which the authors have di- 
be specially shown by a comparison of the Silu- lati^d pn the subjects which are specially treated 
rian and Devonian ro<3ks of America and Britain, of in this volume — ^namely, comparative views of 
in a Table at page 446. Palaeozoic Geology. 

t My ootemporaries in America, whose labours I The Synoptical View of the Mineralogioal 
I highly estimate, will readily understand that in and Fossil Characters of the Palaeozoic Strata of 
a work which is limited to the general history of the State of New York, by Dr.Bigsby, in the Quart 
Palaeozoic rocks, and specially those of Europe, I Joum. Geol. Boo. vol. xiv. pp. ^ & 427, and vol. 
have no space to render justice to the numerous xv. p. 261, is about to be followed by an inestimable 
able writings which treat of those tracts of the woric, the ‘Thesaurus Siluricus.* 

United States or the British Colonies where such 
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Bigsby, Eamsaji Dana^ Billings, and others agree with Hall* and the United 
States^ geologists. 

In the lowest of these deposits, at Potsdam, a small Lingula (L. antiqua. 
Hall) was, for a long time, the only fossil known except Fucoids and abundant 
traces of marine Worms (Scolithus linearis). Similar vertical Annelide-buirows 
have been mentioned (p. 40) as occurring in the Stiper Stones of the typical 
Silurian tract, and are equally common in the quartz-rock of Durness t> in 
Sutherland, which underlies the limestone with American types of Mollusca (see 
p. 165). The parallel, therefore, between these British and Transatlantic zones 
seems to be complete. 

Footprints of a large animal were discovered in rocks of a similar age in 
Lower Canada, on the south bank of the St. Lawrence, above Montreal. At 
first they were supposed to have been made by the feet of a Chelonian Reptile ; 
but a further examination of numerous casts taken firom the footmarks, and 
brought to England by their discoverer Logan, led Professor Owen to refer them 
to Crustaceans — a class of animals commonly met with in Silurian rocks. This 
view being now adopted, we have evidence of a great protozoic Crustacean, pos- 
sibly not unlike the giant Pterygotus described in an earlier Chapter (p. 162), 
though it may prove to have been more like a Trilobite J. The Lower-Silurian 
fossil, Cruziana, so well known in Britain, France, and Spain, also occurs in this 
lowest zone §. 

The most marked mineral distinction of the rocks which immediately lie upon 
this true Silurian base from those of like age in Britain is the much greater pre- 
valence of limestone. A formation called the * Calciferoiis Sand-rock,’ which has 
been paralleled with the crystalline limestone of Sutherland (p. l()6),and which 
in Canada is a dolomite ||, is succeeded by the Chazy, Sillery, and other Lime- 
stones, mainly equivalent to our Tjlandeilo rocks ; and they are followed by the 
great Trenton Limestone with its base of Black-river and Bird’s-eye Limestones, 
and its overlying schists (Utica Slate and the Hudson -river Group). In the 
lowest of the great calcareous masses (the Chazy Limestone) the peculiar mol- 
luscous genus Maclurea (see the figures, pp. 105 & 107) is found, together with 
some Corals, Polyzoa, and a few Trilobites (Bltenus, Asaphus, &c.). 

The succeeding calcareous beds (Bird’s-eye and Black-river Limestones) 
forming the base of the Trenton Limestone seem to partly represent the Caradoc 
and Bala rocks of Britain, though, as will be shown in the Table, they enclose a 
larger and more mixed suite of Lower-Silurian fossils. They contain many 
enormous Orthocerata, the singular Cephalopod genus Gonioceras of Hall, large 
Lituites, and several Univalve Shells (Murchisonia, Scalites, &c.), besides many 
species of Orthis and Leptaena, including Leptiena sericea, with other Brachiopods. 

The rock into which these beds pass, or the Trenton Limestone, is chiefly, as 
regards its fossils, a fuller development of the last-mentioned deposits, the 
number of Trilobites, Gasteropods, Brachiopods, and Crinoids being vastly in- 

* Lj^ell took the Bame view in his ‘ Travels in ^ PrinciparDawson has shown that such fossil 
Amenoa,* and also in the early editions of his bodies as Cruziana (Rutophyous &c.) may be due 
* Manual of Gk^logy ; ’ and I cannot but regret to the burrowing of some L'imuloid Crustaceans, 
that in his recent works he has in jjart abandoned Professor Rui^ert Jones has suggested that both 
it, now that all the explorers of these ancient rooks Protiohnites and Climactichnites nave been formed 
of America have supported my olassifleation. by the great Lower-Silurian Trilobite, — the former 

t Mention of the ooourrence of Scolithus in the being tracks, the latter superficial burrowa See 
Lower Quarts-rook of Assvnt was inadvertently page 201. note. Professor Dana also alludes tc 
omitted at pwe 166. The Scottish S|>eoimens are these Potsdam tracks as having been caused bji 
described ana figured in the Quart Joum. Q^oL Trilobites. 

Boo, vol. XV. p. 308, pL 13. figs. 29, 30. || See Logan*s ‘ Report GeoL Canada,* p. 110. 

I Bee reduced figures of the Protichnites % So called from the numerous speomiens o 
(.Owen) in the Rejmrt Geol. Canada, 1863, p. 104 ; Phytopsis oellnlosa which stud the beds and lool 
and of ClimaotichniteB (Logan), ib. p. 107. like eyea 
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creased. Besides the large Isotelas gigas^ the characteristic fossil of the stra- 
turn. Trinucleus concentricus occurs, with the genera Cheirurus (Ceraurus 
of Green), Lichas, Phacops, and Calymene, aU of different species from those of 
England ; but among the Shells, Orthis striatula, 0. biforata or lynx, O. porcata 
(occidentalis, Hall) (Foss. 30. f. 6. p. lt>3), and Bellerophon bilobatus (PI, VII. 
f. 9) are Lower-Silurian fossils, characteristic of the same rocks in Britain, 
Scandinavia, and Russia. The geological position of this limestone is main- 
tained, too, by the presence of numerotis species of Lituites, Orthocerata, and 
large-plaited Orthides, which resemble those of Europe without being identical. 
Such, for example, are the two large-plaited species, Orthis pectinella and 0. 
tricenaria, which represent the British forms O. flabellulum and 0. Actonite 
(F 088 . 36. f. 1, 2. p, 192), and yet are perfectly distinct. 

The Trenton Limestone is overlain, throughout a considerable tract in North 
America, by the Iludson-river Group, at the base of which lie the Utica Slates, 
full of their characteristic Graptolites. These are covered by, and often pass 
into the schist and sandstone of the Iludson-river Group, also containing many 
Graptolites with other fossils, and now regarded as part of the American equi- 
valent of the Caradoc or Bala formation *. 

The conglomerates and sandstones of Gneida and Medina, which succeed, are 
believed to be the representatives of the Lower Llandovery rocks of Britain ; 
and, like them, they may, according to my vitiw, be classed ns the uppermost 
part of the Lower Silurian rocks. Though containing few fossils in the con- 
tinent of America, bods occupying the same position in the large Island of 
Anticosti, at the mouth of the St. Lawrence, are charged with Shells which 
have led Sir W. Logan to refer them also to this date t* Besides Pentameri, 
they there contain the following Silurian types — namely, Leptsena sericea, Orthis 
striatula, and Strophomena altemata, with the remarkable elongate Coral (?), 
Beatricea of Billings 

According to Hall, Logan, and most American authors, as well as Dr. Bigsby, 
the Clinton Group has been considered the base of the upper division in the 
United States. It is characterized by the typical Pentamerus oblongus, which, 
as in England, is never found in any of the succeeding strata. 

The same author! tii*8 subsequently grouped tliese rocks containing Penta- 
merus oblongus, and their inferior sandstones, ns ‘ Middle Silurian ; ’ for, like 
the Llandovery rocks, they essentially occupy the central part of this natural 
system. For gene rid purposes of classification, I prijfer, however, to adhere to 

* M. de Vemeuil was the first European geo- dam Sandstone, Caiciferous Sand-rock, Chasj 
logist who, having examined the collections and Limestone, Rird’s-eye and Blook-river Limestones, 
visited the lo<»lities of the American fossils, sue- Trenton Linie-ntone, Utioa Slate, Hudson-river 
oesrfully comnared them with those of our con- Group. Hulmeniiently he has indicated the inter- 
tinent. Bee tiis must mstrueUve memoir, Bull. ]>olation of the Quebec group between the Caleife- 
Soc. Gdol. Fr. 2nd ser. vol. i\. p. ft46. The Tx)wer rous Sand-rook and the Chazy Limestone, as will 
Silurian had not then been subdividt'd as it now is presently be shown in a description of these rocks 
(see Table, p. 446). in Canada. Then follows the Anticosti or Middle 

t See Geological Survey of Canada, Report of Silurian group, siieeeeded by Upper Silurian, 
Progress l,S.53t<j 18.")6mcluMive,Toronto,IHr>7,p.24S. Devonian, ana Carboniferous P* ^8). 

This volume, with its at'companying illustrations The still more comprehensive ‘Report’ of 1863, 
and book of maps and plan^, is highly instructive, with its Atlas of Maps and Sections, completes the 
and does infinite credit to the Canadian Survey. ex^Kisition of these remarkable labours of the Bur- 
It makes great additions to our acquaintance with vey to that date. 

the physical geogratihy and geology of la^e 1 Specimens of this fossil, from six to fifteen 
tracts nWer before mafqx'd, as examimod by Sir feet long, were at first supposed to be Bea-weeds ; 
W. Logan and Mr. Alexander Murray. The re- but Dawson, Chapman, and Billings regard Bea- 
port on the wild and unexplored large island of tricea as a ‘ Rugose ’ Coral (Canad. Natur. and 
Anticosti by Mr. James Richardson, the descrip- GeoL new B<*r. vol. iL p. 405). Mr. Salter believea 
tions of the Canadian fossils by Mr. E. Billings, and that it may be a gigantic Annelide-tube, allied to 
the reports on the minerals and mineral waters Comulites ; its ceUnlar stmotnre leads him to 
of the region bv Dr. T. Steny Hunt are all ex- this view. Amphitrite has a thick shelly tube 
oellent. Sir W. Logan and his associates divide some feet in length, 
the Lower Silurian mto seven deposits, viz. Pots- 
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the ample terminology of Lower and Upper Silurian^ — grouping the Lower 
Uandoyery rocks with the former^ and the Upper Llandoveiy with the latter 
diyision (see Chapter V.). 

This method is, it seems to me, preferable, because this central group, which 
unites, by its fossils, the inferior and superior masses, is often not rich in organic 
remains, and in some countries (as in l^hemia) cannot be easily separated from 
the subjacent and overlying deposits. 

The Clinton Group is immediately followed by the Niagara Shale, which in 
all respects resembles the well-known Wenlock Shale of Britain ; whilst the chief 
or central mass of the Upper Silurian rocks in North America is that called the 
Niagara Limestone, which unquestionably represents the Wenlock and Dudley 
Limestones of England, as well as of Gothland in the Baltic. These rocks 
appear to contain a greater number of fossils identical with those of Europe 
than do the Lower Silurian strata of the same districts. Among them aro 
Calymene Blumenbachii, Homalonotus delphinocephalus, Bumastus Barriensis, 
Rhynchonella cuneata, Rh. Wilsoni, Pentamerus galeatus, Orthis elegantula, 
O. hybrida, Orthoceras annulatum, Eucalyptocrinus decorus, and Bellerophon 
dilatatus. (See Chaps. IX. and X.) Some of the large European Corals also 
prevail — those which may have been capable of forming reefe, as Favosites 
Gotlandicus, F. alveolaris, and the Chain-coral. There are also many peculiar 
species : indeed Professor Milne-Edwards has shown that out of a considerable 
list of American Corals few are really identical with those of Europe. 

The lower formations of the next overlying or Helderberg division, up to the 
higher Pentamorus-limestone inclusive *, constitute (according to de Vemeuil) 
the probable equivalents of the Ludlow rocks. The much greater abundance of 
calcareous matter in the higher part of this division than exists in our own 
Ludlow rocks, and the absence of that muddy and sandy matrix which charac- 
terizes tho8(^ strata in Britain, have neceasarily given to the whole group more 
the character of the Wenlock formation, — a feature which, as we have already 
seen, is dominant in Gothland, Russia, Bohemia, &c. 

2. Devonian Rocks . — The base of tho Devonian rocks of the T'^nited States has 
been placed lower than it was in the earlier comparisons with European de- 
posits. Seeing that a mass of sandstones and conglomerates had there been 
called ‘ Old Red Sandstone,’ it was natural, in the first instance, for geologists 
to suppose that the Devonian series in North America did not descend far 
beneath this rock. Hall and others, however, have long since agreed with de 
Vemeuil in considering the Oriskany Sandstone to be the true Devonian base ; 
for this rock contains Spirifer macropterus, Pterinea fasciculata, and Pleurodic- 
tyum problematicum, all species of the lowest Devonian of the Rhine, Belgium, 
and France, which are imknown in any Silurian rock (see Table facing p. 406). 
The lowest Devonian rock in America is therefore precisely similar to its type 
in Western Europe. 

A further reason for placing the Oriskany Sandstone at the base of the De- 
vonian rocks of New York consists in the clear indications of its having been 
deposited in excavations in the inferior stratum, as explained by Mr. J. Hall. 
This phenomenon marks a previous denudation, and the commencement of a new 
series t» 

* Thetfl consist, in Moending order, of the Onon- American deposits, whether in the State of New 
daga-salt Group, the Water^ime Group, Lower York or in the adjacent British territories, has 
PentamtDrus-limestone, Delthjris Shaly Lime- been clearly iUujrtrated by Dr. Bigsby, one of the 
stone, Enerinital Limestone, and Upper Fenta- most able and eners^c explorers of those regions 
meroB-limestone. in former years, ^e general succession is that 

t The subject of the suooession of tho North- girenin the Table at the endof this Chi4;>ter. Di- 
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Judging also from the included organio lemainsi such as Goniatites iden« 
tical with those of the Duchy of Nassau in Gtennany, Murchisonia bilineata^ 
Productus suhaculeatus, Athyris concentrica, and other fossils^ M. de Vemeuil 
further included in this group the Chemung Bocks^ the Hamilton and Marcellus 
Shales, and the Cliff Limestone of Ohio and Indiana (Comiferous and Onondaga 
Limestones). The last-mentioned deposits contain fossil Fishes analogous to 
those of Scotland, besides some characteristic Devonian Shells. Again, the 
occurrence of an Ichthyolite of the genus Asterolepis, associated with forms of 
Spirifer, in the Schoharie Grit of New York, necessarily placed that rock also 
in the Devonian series. 

As fossil Fishes have usually proved the most exact indicators of the age of 
all supra-Silurian rocks, the occurrence, in these Devonian strata, of Asterolepis, 
a genus common in the central Scottish bods of this epoch, and the intermixture 
of other Ichthyolites identical with those of the same country, with Shells of 
the Eifel and of Devonshire, are to me the most convincing proofs that these 
diversified deposits in North America (like those of Bussia, the Bhenish Pro- 
vinces, and Devonshire) are simply equivalents, in time, of the very grand British 
deposits called Old Bed Sandstone ; for it must be recollected that under this 
term, and particularly in the north-east of Scotland, are included conglomerates, 
sandstones, grey schists, limestones, and flagstones, as well as sandstones of 
both red and whitish-yellow colours — ^in all, several thousand feet thick (see 
Chapter XI.). 

In one portion of the Canadas, Sir William Logan has estimated the Devonian 
rocks to have a thickness of 7000 feet ; and in the State of New York they 
occupy a more considerable space than the Silurian ; but this Devonian series of 
micaceous sandstones and schists thins out as it passes westwards into the 
States of Ohio, Indiana, and Kentucky, and disappears entirely on the Missis- 
sippi, where the Carboniferous strata repose at once on those of Silurian age, 

3. Carboniferous Hods , — The Carboniferous rocks are, as is now well known, 
developed in the United States in basins of vaster dimensions than in any part 
of Europe. By the aid of their included fauna and flora, the American strata are 
absolutely identified with the deposits of like age in Europe. Great masses of 
sandstone and schists, once considered to be Devonian, and so coloured in early 
geological maps of the United States, have been shown by M. de Vemeuil, 
from their imbedded fossils, to be of Carboniferous age. These masses, which 
are of considerable thickness, form the true base of the Carboniferous rocks of 
North America, and are probably the equivalents of much of the Yellow Sand- 
stone of Ireland, as well as of certain rocks in Westphalia, which were formerly 
classed with the * grauwackd,’ but are now ascertained to belong to the Lower 
Carboniferous beds of the Bhenish Provinces (see p, 402), 

Next follows the Carboniferous Limestone (Moimtain-limestone of early English 


Tidily the Silurian rocks into Lower, Middle, 
and Upper, Dr. Bigsby makes also a triple diTision 
of the lYuisatlantic Devonian rocka, a^ogoua to 
fbitf of the European. In addition to many im- 
portant inferences retpeeti:^ the diatribution of 
ralBOZoic life, Dr. Bigaby infers that “the Silurian 
Devonian ayatema of Kew York belong to one 
connected period, being the producta of aucjceaaiye 
and varying Neptunian agenoiea, operating in 
waters which deepened weatward from the At- 
lantic aide, and southward from the Laurentian 
chain on the north. These Palmosoic sptwpa pass 
one into Uie other by gr^ual mineral and aoo- 
logical changes, there being a nearly perfect oon- 
fbrmability a considerable community of 


fossils. The chief break is at the Oriskany Sand- 
stone (baae of the Devonian), there being no 
break of like im|>ortance at the period of the 
local Oneida Conglomerate (Midale Silnrian). 
A division of the Buurian and Devonian systems, 
each into three stages, is based on the changes 
sediment and on the fossil contents. The Middle 
Bilurian stage is a period of esiiecial transitiotu 
from the coarseness of some of its sediments, and 
from their alternations, as well as from the organio 
povert^r prevailing." (Bee the abatnust of his 
memoir in the Proceedings of the GeoL Boo. of 
London, No. ft. Session 1 to 7-8 ; also his memoirs 
in full, in the Quart Joan. CieoL Boo. vola. sir. 
and XV.) 
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geologi0t8)| iphicli, whilst it encircles the great Coal-helds of Michigan, Illinois, 
and the southern part of the Appalachian Coal-field, is wanting in Pennsyl- 
vania and Ohio. This rock contains many varieties of Productus, viz. P. semi- 
reticulatus, P. Cora, P. punctatus, &c., with species of Bellerophon, Goniatites, 
Spirifer, and Terebratula, known not only in Britain, but also in many parts of 
Europe and Asia *. 

The Foraminifera, a group of which few have been determined in the Palaeo- 
zoic strata, have also a very wide range ; for the very same species (Fusulina 
cylindrica) which so abounds in Southern Russia is also found in the Carboni- 
ferous rocks of North America. 

The lamelliferous ^ Rugose * Corals (Zaphrentis, Lithostrotion, &c.) are not 
absent ; but they are chiefiy of species distinct from those of Europe ; and some 
of the forms of this group most characteristic of the old Continent (Syringopora, 
Amplexus, &c.) appear to be absent from this series in the new. 

It is unnecessary here to dilate upon the vast overlying productive Coal-fields, 
which, occupying distinct basins of stupendous dimensions, have been described 
by numerous native authors (Rogers, Owen, &c.), and have been well depicted 
by Lyell and Dawson. But I must advert to the great similarity — nay, identity 
— between the Plants of those vast Coal-deposits and those of Europe. It is a 
feature highly worthy of the special notice of geologists, that at this early period 
the same species of gigantic Plants were spread over an enormous area of the 
earth’s surface, which, from the nature of its vegetation, must therefore have 
been under the same conditions of atmosphere and climate, if not of physical 
outline. This specific agreement is indeed curiously at variance with the sharp 
distinction between the existing floras of North America and Europe (see 
Lyell’s Travels in North America). 

This short notice of the development of the earlier fossiliferous rocks in the 
United States cannot be concluded without a special allusion to the important 
additions made to this branch of knowledge by certain American authors. The 
researches of Prof. James Hall, ns reconled in his work on the Palaeontology of the 
State of New York t, have shown that, with increased observ ation, there is great 
difficulty (except for short distances and in limited tracts) in drawing an arbitrary 
line between the lower and upper divisions of the Silurian system. The thinning 
out or the thickening of the subdivisions termed Medina Sandstone, and Clinton 
and Niagara (:lroupa, is accompanied by just the same kind of intermingling of 
fossils which has been observed, though to a greater extent, in the British 
Isles. Several species, says Prof. Hall, known before only in the lower are now 
found at the base of the higher group. But, before we can speak of the number 
of species which range from the Lower into the Upper Siliudan, all the older 
fossils of North America must be examined and compared. Even in the one 
State of New York, however, we learn that Bellerophon bilobatus, Orthis lynx, 
Strophomena altemata, and some other fomis common to Europe and America, 
and abundant in the Lower Silurian, occur in the higher part of the Medina 
Sandstone, which in that coimtry is intimately united with the upper division. 

The same elaborate work of I^f. Hall must be consulted for the figures of 
many species of Fucoids common to the Medina Sandstone last noticed and the 
associated Clinton Group. Numerous tracks or trails of Gasteropoda ^d Crus- 
tacea also occur, indicating that the sediment so marked was accumulated in 
shallow water, or under ebbing and flowing tides, and on sloping shores. To 

* The Cestraoioiit (Cochliodont) Pishes of Illinois, disoovered by Dr. B. Shomard, have been 
described by Dr. Jof^h l^idy (Tnms. Amer. Phil. Soo. vol. zL p. 687). 

t Nst Hist New Vwk, Part vL PalssontoL vol ii. 1852, p. 8. 
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the consideration of these data we . shall return in the last Chapter^ in explaining 
the conditions under which some of the oldest marine deposits were formed. 

Notice must also here be taken of the survey of the extensive territories of 
Wisconain, Iowa, and Minnesota, by which the late Dr. Dale Owen has extended 
true Palaeozoic classification on a very broad scale. The area examined by this 
author and his associates, Drs. Norwood and Shumard, is much larger than Great 
Britain ; and by far the greater portion of its subsoil is referred by them to the 
Silurian, Devonian, and Carboniferous rocks *. This magnificent region is tra- 
versed by the Mississippi in its descent from the boundaries of British America 
and Lake Superior, and is included between that mighty river and its huge 
affluent the Missouri. Surrounding and supporting an enormous Carboniferous 
tract, the older primeval rocks rise out successively in very slightly inclined 
positions. The results of this sur^ oy which have most interested me are the 
discovery of two bands containing Trilobites, in the lowest Silurian sandstone, 
and the fact that the organic forms of these beds are considered to be referable 
to the * Zone Primordiale ’ of Barrande as it exists in Bohemia and Scandinavia, 
or in the ‘ Lingula-fiags ’ of Britain (see pp. 41, 350, 372). We thus obtain 
proofs that the earliest Silurian deposit of America, whether in the condition of 
sandstone at Potsdam and in the region of the Mississippi, or as the mota- 
morphic and slaty rock of the eastern seaboard of the United States, does really 
contain, as in Europe, the first clearly recognizable fossil animals which pertain 
to this series of life f. 

Specimens of a very large species of Paradoxides have been found by 
Professor W. Rogers in a band of siliceous and argillaceous slate, ten miles to 
the south of Boston, which is enclosed between great masses of igneous rocks. 
A longer and broader species of the same genus has been sent from St. John's, 
Newfoimdland, to the Bristol Institution; and a species of Conocephalus has 
been found in the Sandstone of Georgia J. A large portion of the crystalline 
masses which fiank the coal-fields of the British Colonies of New Brunswick, 
Nova Scotia, &c., have also proved to be metamorphosed Silurian strata, thus 
largely extending the structural analogy between North America and the 
Highlands of Scotland. 

The Lower Silurian, so termed and laid down on their map by Dale Owen and 
his associates, consists, in its inferior portion, of pebble-beds, grits, and sand- 
stone § of red and greenish colours, which, as they range upwards, begin to 
alternate with magnesian limestone. Then, in ascending order, the limestones 
with green grains (resembling some of the Russian l^ower Silurian, p. 356) pre- 
dominate, and are in parts oolitic, in other parts quartzose and cherty. Again, 
sandstones, usually white, recur, and are surmounted by shelly beds which, in 
Iowa and Wisconsin, represent the Trenton Limestone of New York and the 
Llandeilo formation of Britain. 

The Upper Silurian rocks are poorly represented, in these unfi^uented tracts, 
by what Dr. Dale Owen termed the * Upper Magnesian Limestone,’ consisting of 


* This wor^ following so ma^ other valuable 
publications, is a proof that the Innate, as well as 
the State Ooveminents. has justly appreciated 
the value of the application of geological science 
as a prelude to the settlement ol a new country. 

t Bee ‘ Proofs of the Protoxoic Age of some of 
the Altered Hocks of Eastern Massachusetts/ by 
Professor W. B. Rogers, Proe. American Academy 
of Arts and Sciencies, voL iii. IK.V5; and Proc. 
Boston Nat. Hist Soc. vol. vi. pp. 27, 4U, &e. 

I See Mr. Balter's account of these fossils, 
Quart Journ. Geol. Soc. voi xy. p. S.*)!, &c. 

$ The Trilobites of this, the lowest Pihiriau 


stratum in America (the Potsdam Sandstone), are 
termed, by Dr. Owen, Dikelooephaln^ Lonoho- 
Of'phalus, Ac. J udging from the drawings, these 
genera seem to be referable to the same f^oop as 
Paradoxides. They arc associated with Fuooids 
and Lingulas. After studying the work of Dr. 
Dale Owen, M. Barrande is oonyinced that the 
author has estabi islutd the proof of the existence in 
the New World of the ‘ Primordial ' Silurian cone 
of Bohemia and Sweden, and the same order of 
succession upwards from it into the mass of the 
Silurian strata as in Europe. In this view M. de 
Verneuil coincides. 
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beds with Corals and Pentamerii all traces of the equivalents of the Ludlow 
rocks being absent. The Devonian period, however, is clearly defined, particu- 
larly by its broad-winged Spirifers ; whilst the Carboniferous Limestone is much 
expanded, and a large portion of it has been distinctly referred to the ^ Yoredale 
series ’ of Phillips in Yorkshire. The western explorations of Captain Stansbury 
to the Mormon Territory and the Salt Lake of Utah have further shown us 
that strata charged with Carboniferous fossils extend to the edges of the Rocky 
Mountains, those great northern extensions of the Andes. 

PalcBozoic jRx>cks of British North America, — The oldest of these masses (the 
Laurentian) has been described in the beginning of this work. The next in 
ascending order, the Huronian, or the lower copper-slates and sandstones of the 
great lakes, have, to some extent, the same structure as considerable portions of 
the Longmynd or Bottom rocks of the Silurian region *. They are, in truth, 
defined as such by Logan, being termed by him the equivalents of the 'Cambrian,^ 
so defined by De la Beche, Ramsay, and the British Government Surv^eyors, as 
well as by myself. In England and North Wales these old slaty rocks contain 
little or no limestone; but in North America they are largely interlaced with it. 

Again, whilst in Great Britain and Gennany these Cambrian rocks are suc- 
ceeded conformably by the Lower Silurian, they have been severed therefrom 
in America, as in PVance and Ireland, by a grand dislocation. In thus appeal- 
ing to the conditions in diflerent countries, we learn the impracticability of 
classifying sedimentary deposits according to age by the lines of fracture and dis- 
memberment alone. In making this statement, however, I do not prejudge the 
views of my eminent friend M. Elie de Bea\imont, concerning the directions of 
mountain-chains as typi(;al of certain epochs. This topic, requiring much illus- 
tration, would lend me away from the special objects of this work. 

In the hist few yi^ars great nd\’nncos have been made in unfolding the features 
and in fixing tlie eras of the formation and dislocation of all the Palaeozoic rocks 
of Canada; and I am most grateful to Sir W. Logan, the Director of the Geo- 
logical Survt' v of that great (''oloiiy, for having furnished me with the following 
information : — 

" 1. SUuriau Bocks . — The Silurian rocksof North America present in their lower 
portion very marked diflerences in diflerent areas. This the Geological Surveyors 
of Canada have explained by showing that the I.«ower Silurian rocks of the New 
York system represent a portion only of the great succession of sediments which in 
the earliest of those periods were deposited in the great ocean surrounding the 
Laurentian and Huronian nucleus of the present American continent. Oscilla- 
tions of this ancient land pemiitted the spreading out on its surface of those 
sheets of sediment which constitute the Lower Silurian formations of New York 
and Central Canada ; but between the periods when the Potsdam Sandstone 
and the Chazy Limestone were formed, a rapid continental elevation and sub- 
sequent gradual depression allowed a great intermediate accumulation of de- 
posits, which are now displayed in the Green-Mountain range on the one side 
of the ancient nucleus, and in the metalliferous series of Lake Superior on the 
other, while they are necessarily absent in the intermediate New York series. 

** A great dislocation along the eastern line of the ancient gneissic continent 
commenced at a very early date in the Lower Silurian period, and gave rise to 
the division which now forms the eastern and western basins. The western 
basin includes the strata which extended over the surface of the submerged 
continent, together with the Pre-Chazy rocks of Lake Superior; while the 

* For a complete rtftntme of the relations of the Huronian and Cambrian rocks see Dr. Bigabj's 
memoir in the Qoart. Jonm. Deol. Soc. vol. xix. p. 36, 
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Lower Silurian group of the eastern basin presents only the Pre-Chazy forma- 
tion, unconformably overlain in parts by Upper Silurian and Devonian rocks. The 
group between the Potsdam and Chazy deposits in the eastern basin has been 
separated into three divisions j but in the western basin these subdivisions have 
not yet been defined. In the latter the strata are comparatively flat and undis- 
turbed, while in the eastern basin they are thrown into innumerable plications, a 
vast majority of which present anticlinal folds overturned on the north-western 
side. The general sinuous north-eastern and south-western axes of these folds 
are parallel with the great dislocation of the St. Lawrence, and the undulations 
are a part of those belonging to the Appalachian chain of mountains. It is in 
the western basin that we must look for the more regular succession of the 
liOwer Silurian rocks from the time of the Chazy Limestone, and in the eastern, 
including Newfoundland, for that of the older deposits. It is to be remarked, 
however, that in the great northeni peninsula of Newfoundland, instead of un- 
dulations, lines of fracture and dislocation are observed, while the strata are 
comparatively little tilted ; and it has not yet been precisely defined where the 
limit between the eastern and western basins of that island is to be placed. It 
seems probable, however, from thti recent investigatious of Mr. A. Murray, that 
it will run on the east side of the Laurentian mountains, forming the chief mass 
of the peninsula* just mentioned. 

The succession of the Lower Silurian deposits in North America may be 
thus tabulated, the paheontologieal evidence as to the relations of the Upper 
Calciferous and the Quebec Groups to the formations above and below having 
been detennined by Mr. Billings : — 




Complete Series. 

Western Basin. 

Eastern Basin. 

Newfoundland. 

Caradoc 

Llandeilo 

‘ Primor- 
dial’... 

1 

y 

12. 

11. 

10. 

9. 

8. 

7. 

0. 

5. 

4. 

3. 

Hudson -river Group 

Utica Slate 

Trent* , Bird’s-eye, &c 
Chazy Limestone .. 
Sillery. ] 

Lauzon. 1 Quebec Gr. 
r.K^'vi.s. 1 

U pperCalciferous Gr. 
LowerCalciferous Gr. 
Upper Potsdam Gr. 
Lower Potsdam Gr . . . 
St. John’s Group ... 

Hudson-river Gr. 
Utica Slate. 
Trenton, B’ s-eye,&c 
Chazy Limestone. 

Quebec Group. 

? • 

Quebec. 

perj. 1 1 a. 
Lauzon. 1 g o 
L^vis. J 

U. Calciferous G. 
L. Calciferous G. 
U. Potsdam Gr. 
L. Potsdam Gr. 
St. J ohn’sGroup. 

L. Calciferous Or. 
U. PotsdamGroup.j 

L. Potsdam G. 
St. John’s Gr. 


It thus appears that the lower portion of the series is complete in Newfound- 
land, the upper in New York, and that the divisions .'t, 4, and 5 have not yet 
been recognized in the eastern continental region. The St. John’s Group (1) is 
represented at St. John’s, New Brunswick by three thousand feet of black slates 
and sandstones, whose fauna, described by Mr. Ilartt, was correctly referred by 
him to Barrande’s ^ Stage c ’ or ^ Primordial ’ Silurian zone. It there reposes on 
rocks regarded as Cambrian. The slates of St. John’s, Newfoundland, and the 
Paradoxides-bed at Braintree, Massachusetts, also probably belong to the same 
horizon. 

The Lower Potsdam Group (2) is represented by several hundred feet of 
limestones and sandstones on the Strait of Bellisle, by a much greater thickness 
in White Bay, Newfoimdland, and by the slates of St. Alban’s and Georgia, 
Vermont. The Upper Potsdam (3) is^that of Wisconsin and Minnesota, repre- 
sented by the typical Potsdam rock of New York, and is overlain the 
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Lower Oalciferous Group (4) ; while the Upper Calciferous (5) is only recognized 
in Newfoundland. 

The Quebec Group (0, 7, 8) is divided into three parts, named from regions 
where they are largely displayed. The first or lowest division embraces the 
limestones and black slates of Point Ldvis, Orleans Island, and Phillipsburgb, 
with their numerous fauna of Trilobites and Qraptolites, for the most part iden- 
tical with those of the Skiddaw Slates. The second or Lauzon division was at 
first united with the preceding, but has been separated from it on account of its 
great mineralogical importance and distinctness, it being the metalliferous zone 
of tlie Lower Silurian in North America. Magnesian rocks, including dolomites, 
magnesites, serpentines, diorites, and chloritic and steatitic beds, with micaceous 
and gneissic strata, characterize this Lauzon division, which is, moreover, rich in 
copper-ores, chiefiy as interstratified cupriferous slates, and is accompanied by the 
ores of silver, gold, nickel, and chromium. The only fossils certainly recognized 
in it are an Obolella and two species of I^ingula at its summit. It is overlain by 
the Sillery division, which consists of a great mass of sandstones and conglo- 
merates, 2000 feet thick, interstratified with red and green slates, and so far as 
yet known destitute of organic remains. 

In a large part of its distribution, the Quebec Group is crystalline and meta- 
morphic ; but the characteristic elements of the group are to be found both in 
the altered and unaltered portions. The liauzon division, as lately shown 
by a careful investigation in the field by Sir William Logan, constitutes the 
Toconic range of hills in Massachusetts and New York, the strata of which 
are arranged in a synclinal form, and are traceable to a geological place between 
the Sillery of Berlin Mountain and the black graptolitic slates of Iloosick. Th(' 
equivalency of the ^ Taconic system ’ of the late Professor Emmons and the 
Quebec Group has been completely established by the Geological Survey of 
Canada *. 

In western Canada and New York there is a great paleontological break 
between the Hudson -river and Clinton formations; but in Anticosti, which is 
on the north-west side of the great St. Lawrence dislocation, and therefore in 
the western basin, the Iludson-river band is succeeded by a formation of 
limestone 300 feet in thickness, from which eighty-six species of fossils have been 
collected. Forty-one of these occur in the Iludson-river limestone, and 
eighteen pass upwards. Above this there occurs another formation of lime- 
stone 447 feet in thickness, with thirty-nine species, of which eighteen come 
from below and twenty-three pass upwards. The true Clinton beds succeed, 
crowded with Pentamerus oblongus. These beds of passage from the Lower 
Silurian in Anticosti, appear to correspond in horizon with the slightly fos- 
siliferous Oneida and Medina deposits of New York, and, together with the 
Clinton, Niagara, and Guelph deposits, which graduate into one another, they 
constitute a Middle Silurian group. In the eastern basin such beds of passage 
from the Lower Silurian are wanting ; and the only portion of the Middle Silu- 
rian series that has been met with there is a patch at the Forks of the Chatte 
River, whose horizon is about the base of the Clinton group. 

In the western basin there is another great paloeontological gap between 
the Guelph formation and the Lower Helderberg Group. In it the Onondaga 

* Sir William Lof^an informs me that the same erroneously (Uaced beneath all the Bilnrian roclcs, 
serieg oan be followed from the States of New is seen to rest u^wn the Potsdam Sandstone or 
York and Mnssadiusettsthroiiffhout Vermont into ‘ Primordial ' Silurian. These facta prove the inap- 
Canada in three main undulationa* bounded on plioability of the name * Taconic* to the oldest foe> 
the east by ITpi^r Silurian and Devonian rocks, ail aone in Norway (see p. 353). 

On the west this series, which Dr. Emmons had 
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formation occurs, the magnesian and saliferous deposits of which, having been 
unfavourable to the support of life, have rendered the formation nearly des- 
titute of organic remains. In the eastern basin, however, this break is filled 
up by a series of rocks, on the Bay Chaleur and in the State of Maine, con- 
taining a fauna which has as yet been worked out only so far as to prove its 
absence from Western Canada and New York, and exhibiting many charac- 
teristic forms of the Wenlock and Ludlow fossils, such as Euomphalus rugo- 
sus, Bellerophon dilatatus, and Orthoceras filosum. At the summit of the Onon- 
daga formation, in the western basin, is the Water-limestone, characterized 
by Eurypterus, and above it the Lower Helderberg group. In the eastern basin 
the Gasp^ limestones appear to form a great expansion of this group, and, 
together with the Bay-Chaleur limestones, are classed as LTpper Silurian. 

“ 2. Devonian BocIm , — ^The fauna of the lower Gasp6 limestones still bears a re- 
semblance in many of its forms to that of the Ludlow rocks ; but the upper pre- 
sent a considerable intermixture of Devonian species ; and Psilophyton princeps, 
a characteristic Devonian I^ond Plant, has been found towards the summit. This 
upper part, if not classed as Devonian, must bo regarded as beds of passage. 
In accordance with this and the synchronism of do Vemeuil, the Oriskany 
formation of New York is, in Canadian geolog}", assumed to be the base of the 
Devonian rocks. In the western basin this series is separated into several arena- 
ceous, calcareous, and argillaceous formations, each distinguished by its fossils. 
One of these formations in Western Canada, the Comiferous Limestone, is re- 
markable as the source, in that locality, of the great yield of petroleum, obtained 
from fissures whicli characterize a series of gentle anticlinals subordinate to the 
great Cincinnati undulation, which separates the Appalachian from the coal- 
fields of Michigan and Illinois. In the eastern basin the Devonian series is re- 
presented in Oaspd by seven thousand feet of sandstones. The organic remains 
discovered in these rocks are yet too few to authorize their separation into 
distinct members j but while the lower part contains many fossils identical with 
those of the Oriskany formation, a species of Rensselasria, identical with or 
closely resembling R. ovoides which occurs in the limestone beneath, is met 
with high above the base of the sandstone series. This fact and the constancy 
in lithological characters of the latter make it probable that this lower portion, 
at least, of the sandstones is tp be classed with the Oriskany Sandstone. From 
their base to their summit the Devonian rocks are i>rofusely charged with com- 
minuted remains of l^d I’lants, in the recognized species of which, eight in 
number, there appears to be little difference throughout. These strata present 
analogies with the whole series of formations in New York, from the Marcellus 
Shales to the summit of the Chemung Sandstones, in all of which, according to 
Dr. Dawson, are found several of the species of Plants that occur in the Gaap4 
sandstones. The sandstones resemble lithologically those of the Portage and 
Chemung group of New Y^ork; and it may hereafter be found that in this 
eastern part of the continent the Oriskany fauna, which occurs at their base, 
merges gradually into that of the Chemung deposit. In the Gasp^ sandstones 
casts of shrinkage-cracks are very common, and root-beds, associated with 
Psilophyton, occur at many horizons; and on one of the root-beds, near 
the b^, reposes a very thin but regular seam of coaL Both the Gasp^ sand- 
stones and the limestones beneath are marked by the presence of petroleum- 
springs, leading to the expectation that they may give out notable quantities 
of oiL 

3. Carboniferous JZocA:#.— Carboniferous rocks, as is well known, spread out 
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in both the eastern and the western basins. In the latter the productive Coal- 
measuresi occupying four separate fields, the Appalachian, the Michigan, the Il- 
linois, and the Iowa and Missouri, cover a greater area than Coal-measures in any 
other part of the globe. In the eastern basin the Lower Carboniferous Limestone 
(the Mountain-limestone of England) is wanting ; but in the western it either par- 
tially or wholly supports all the Coal-measures nientioned, gradually thickening 
as it spreads westward ; while, according to Professor Hall, an Upper Carbonife- 
rous Limestone rests upon the Iowa and Missouri or most western Coal-field. 
None of the Carboniferous rocks enter Western Canada; and in Eastern Canada 
only a portion of the Bonaventure formation, equivalent to the Millstone-grit of 
England, presents itself, on the south coast of the peninsula of Gaspi?, where it 
emerges from beneath the Coal-measures of New Brunswick and Nova Scotia, 
which in the latter province exhibit, at the Joggins, on the Bay of Fundy, a 
thickness of nearly 15,000 feet. 

In the western basin there is no apparent want of conformity in the whole 
series of deposits from the base of the Lower Silurian to the base of the produc- 
tive Coal-measures ; but in the northern part of the Illinois Coal-field, the latter 
overlap the Millstone-grit and Mountain-limestone. Jn the eastern basin there 
is a discordance between the Lower and the Middle Silurian, and also between 
the Devonian and Carboniferous. The undulations, however, which cause these 
discordances, and whicli aftect the formations from the base of the Lower 
Silurian to the summit of the Coal-measures, are all in parallel directions, show- 
ing that the forces which operated to produce the folds continued throughout 
the whole Palreozoic period, during the latter part of which their influence ex- 
tended far into the western basin, reacdiing across the Appalachian Coal-field, and 
producing the groat Cincinnati anticlinal.” 

Norn Scotia . — In Nova Scotia, the oldest rocksof the Atlantic coast of this British 
Colony consist principally of slates and quartzites, equivalent to the oldest slates 
of Newfoundland, wliich are known to contain Paradoxides. They therefore re- 
present the lowt^st portion of the Silurian system. In the southern part of New 
Brunswick, the resoai’ches of Professor Bailey and of Messrs. Mathew and Hall, 
have disclosed a similar scries, which appears in the vicinity of St. John’s, and 
contains species of Paradoxides and Conocephalus. Professor Hind refers to the 
Quebec Lower Silurian group a large portion of the partially altered rocks of the 
northern port of New Brunswick underlying the Upper Silurian of that region. 
The rest of the Lower Silurian series of Nova Scotia is often much meta- 
morphosed, and is the seat of much gold-ore, of which hereafter*. 

The Upper Silurian series of Nova Scotia is represented by considerable areas 
of disturbed and partially altered rocks, which seem to represent the British for- 
mations from the Upper Llandoveiy to the Ludlow rocks inclusive. They 
differ, however, in several features, from the Upper Silurian of New York and 
other portions of the great interior of North America, but coincide with the 
rocks of this age in New Brunswick and Maine, on the eastern side of the great 
Appalachian line of disturbance t* It is probable that these eastern Upper Si- 
lurian areas of North America (says Dr. Dawson) will be found to present cha- 
racters intermediate between those of the inland area of the continent and those 
of the Upper Silurian of Western Europe. 

* In illoitrstioa of these points, see Principal t See Dawson on Silurian and Deronian Bocks 
Dawson's Supplement to ‘ Acadian Geology,* and of Kova Scotia, Canadian Nat. Hist. vol. t., and 
TOe Reports on the Geology of Southern New Dr. Honerman’s 'Geology of Arisaig,' Quart. 
Brunswick. Joum. Geol. Soc. vol. xx. 
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Devonian Bocks of Bova Scotia and New Brunswick — An extensive and com- 
plicated series of this age has been ascertained to exist in Southern New Bruns- 
wick ; and Dr. Dawson has recognized an equivalent of the lower member of the 
series, or the Oriskany Sandstone, at Nectaux in Nova Scotia, where it contains 
extensive deposits of iron-ore. These rocks do not, however, correspond litho- 
logically either with the Devonian of New York, or with the Gasp^ sandstones 
which represent this period in Etistem Canada. The deposits of the period 
which elapsed between the close of the Upper Silurian and the beginning of the 
Carboniferous, though on a large scale os to thickness, would appear in Eastern 
North America to have little horizontal uniformity over large areas. This feature 
harmonizes with the fac^t that the period was characterized by the eruption of 
great granitic dykes and masses, and also by a luxuriant land-flora indicating ex- 
tensive terrestrial surfaces. Dr. Dawson has, within a few years, described no 
less than eighty-two species of Land Plants from the Devonian rocks ; and of these 
probably ten ascend to the Carboniferous system, while two occur in the Upper 
Silurian. The greater number of the species occur in the Upper Devonian. 
The genera specially Devonian are principally Psilophy ton, Ijeptophloeum, Pro- 
totaxites, Syrmgoxylon, and Nematoxylon, while the greater ptirt of the species 
belong to genera well known in the Carboniferous rocks, as Lepidodendron, Da- 
doxylon, Cyclopteris, Neiiropltu-is, Sigillaria, &c. ; indeed nearly all the leading 
Carbonifei-ous genera are represented 

Among the important conclusions of Dr. Dawson are the following : — 
With few exceptions, the generic types of the Devonian and Carboniferous 
periods are the same, six out of the thirty -six genera only being peculiar to the 
Devonian deposits. In tlie ascending order there is always a constant gain in 
the number of genera and speci(‘s. That a large part of the diflerence between 
the Devonian and the Carboniferous floras is })robably referable to ditferent geo- 
graphical conditions, the land of the Devonian having probably been of a more 
upland and truly terrestrial character than the swampy flats on which the vege- 
tation of the Coal-period grew. On this head I have already made an allusion 
to the tracts of the supposed Upper Old lied Sandstone of the North-east of 
Scotland (p. 270). 

For a better acquaintance with these Devonian rocks, so very rich in fossil 
Plants, and with their great development towards the close of that epoch, the 
reader must consult the instructive memoirs by Dr. Dawson. I have only to ob- 
serve that his gtmeral conclusions do not materially differ from those which 
Bronn, Giippert, and Unger have drawn from an rxamination of the Devonian 
flora of Europe. 

It is interesting to add that the Devonian strata (jf the vicinity of St. John’s 
have afforded to Mr. C. F. Ilartt the only remains of Insects hitherto found 
in rocks older than the Carboniferous. From a note by Mr. Scudder, in the 
excellent Report on the southern part of New Brunswick by Professor Bailey, 
it would appear that fragments of five species have been found, all probably 
Neuropterous. One is a member of the group Ephemerina, several times larger 
than any modeVn species. 

North-western and Arctic America, — In taking a general view of the physical 
structure of the northernmost portion of America, the late Sir John Richardson, 
the great Arctic traveller, considered that, on the whole, the granitic and 
crystalline rocks of the central and eastern countries of the Hudson’s Bay ter- 

* Dawson, * Flora of D^Tonian Period,’ Quart. Joum. Geol. Soc. vol. xviii. and vol. xix. 
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ritories (now termed Laurentian) are surmounted by few other deposits on the 
west and norths except by masses of Silurian age, and young Tertiary strata. 
In his graphic description of the structure of Canada, Lyell expressed the same 
opinion. seemed,” says he, *'to have got back to Norway and Sweden, 
where, as in Canada, gneiss and mica-schist, and occasionally granite, prevail 
over wide areas, while the fossiliferous rocks belong either to the most 
ancient or to the very newest — to the Silurian or to deposits so modem as 
to contain exclusively shells of recent species”*. From the western shore of 
Lake Winnipeg t, a limestone containing gigantic Orthocerata (allied to those 
described by Dr. Bigsby and Mr. Stokes J from the Upper Silurian of Drum- 
mond Island) and the strange fossil named Beceptaculites § was traced in hori- 
zontal sheets stretching westwards over four or five degrees of longitude. 
Though this plateau is separated from the Bocky Mountains by a broad belt of 
the Prairies of the Saskatchewan, the bed of that river is full of limestone blocks 
which indicate the persistence of the rock. After crossing Methy Portage, in 
lat. 66f°, Bichardson again met with extensive calcareous deposits. The fossils 
which were gathered from this tract (Productus, Orthis, Spirifer, &c.) seem, how- 
ever, to indicate an ascending order into beds of Devonian and Carboniferous 
age II, particularly in the wide spread of calcareous matter along the Elk and 
Slave Bivers, and upon the banks of the Mackenzie. W^hore the last-mentioned 
river skirts the Bocky Mountains, the limestones, more disturbed than in the 
Winnipeg basin, occupy, says Bichardson, inclined and elevated ridges, the chief 
of which he considers to be Silurian ; these ridges, on the Great Bear Lake and 
the Coppermine Biver, abut against granite. In a letter to myself he added, I 
believe the strata of sandstone and limestone on the north coast of America to 
be wholly Silurian, though fossils ore scarce. Towards the mouth of the Cop- 
permine Biver there are, besides, magnificent ranges of trap with ores of lead and 
copper, including much malachite.” 

To whatever extent it may bo found possible to separate the Silurian rocks 
which range along the Bocky M mm tains into a Low^er and an Upper group, it 
would at least appear, from the specimens which have been collected by our 
naval explorers employed iu the Arctic Expeditions, that the great moss of the 
most northern rocks belongs to the ITpper Silurian group. This is certainly 
the case, if we judge from the collections made diuing the voyages of Parry, 
Franklin, Boss, Back, Austin, and Ommanney, and the private expeditions 
of Lady Franklin, particularly those of Penny and Ingletield, and the expedi- 
tion under Sir E. Belcher. The fossils brought home by these commanders 
and the officers and gentlemen accompanying them have been examined and 
described 51 by Mr. Salter ; and from his scrutiny it results that the Crustacea 
and Mollusca are very similar to, and some of them identical with, those of 
W enlock, Dudley, and Gothland. Among these occur : — Encrinurus Isevis, Ange- 
lin ; Leperditia Balthica, Ilis. j Pentamerus conchidium, Dalm. ; Chonetes lata ? 

Travels in North America, Ist series, ed. 1, dom foimd more than half an inch in diameter; 
vol. ii. p, 124, but these older representatives of the order were 

t The geof^raphjand geological stmctaro of the not less than six or seven inches, and of a propor- 
gr^ region of Kimert’s Land, watered by the Red, tionate thickness ! Mr. Billings, however, refers 
Assiniboine, and Saskatchewan Rivers, nave b<>en Receptacnlites to the Sponges, 
ably described and mai>).>ed by Henry Youle Hind || A few specimens of the fossils of these rooks 
since the nublioation of my last edition. See the are in the British Museum; theyjare Upper Bi- 
aooount ox his Expedition, published by Longman lurian, Devonian, and Carboniferous. Umuokily, 
& Co. in 1860. numerous fossils brought home ^ Sir Jcdm 

1 Bigsby and Stokes, Trans. Oeol. Soo. 2nd ser. Richardson in 1826 have been mislaid, 
voi. i. Similar Orthoceratites were found br Sir % Appendix to Sutherland’s Journal of Capt 
W. Logan fiuther to the cast, in rooks of llpper Penny s Voyage, 1850-51, (London, 1®^) yoL *>• 
Silurian age. with platea See also Quart. Joum. Oeol. Soo. 

♦ Inferred by Mr. Salter to the Foraminifera, vol. ix. p. 812, 1853. 

M a gigantic form allied to Orbitolites,whicb is sel- 



General Section across the Older Kocks of Lower Canada near the Mouth of the St. 


Chap. XHII.] UPPER SILUBIA»-ABCTIC REGIONS. 


441 



von Buck. ; with Upper Silurian forms of Oriho- 
ceras, Murcliisonia, Strophomena, Orthis, Hbyn- 
chonellai &c.j besides Encrinites, and very nume- 
rous Corals, including the Chain-coral, Favo- 
sites Gotlandicus, F. cristatus or polymorphus, and 
several other species characteristic of this divi- 
sion of the Silurian system, and, as might be ex- 
pected, of American rather than European types. 

The same inference has been drawn by the ge- 
ologists who have surveyed the rocks, and the na- 
turalists who have examined the fossils, of the 
northern edge of the great gneissic region of the 
Laureutide Mountains. Their conclusion is, that, 
whilst on the south side a succession is seen from 
the crystalline strata into a copious and diversified 
Lower Silurian, as above explained, the northern 
side of the Hudson’s Bay territory is chiefly occu- 
pied by Upper Silurian limestones *. This infer- 
ence is founded on the occurrence, at the base of 
the whole fossiliferous series in that district, of a 
profusion of Corals, several of which are charac- 
teristic of the Niagara and Onondaga Limestones 
(Wenlock or Dudley), together with the Trilohite 
Encrinurus punctatus, the Shells Atrypa reticularis 
and Pentamerus oblongus, with sever^ other Mol- 
luscs (Ormoceras &c.) indicative of the lower 
portion of the Upper Silurian group. Now, as 
in all the vast extent of land that has been sur- 
veyed in the Polar circle, no trace of the Lower 
Silurian formations has yet occurred t, the inference 
seems justifiable that during that period the Polar 
land, or all the region north of the Laurentide 
dome, was raised above the water, and was sub- 
sequently depressed to receive successively the 
Upper Silurian, Devonian, Carboniferous, and even 
some S(!Condary deposits J. 

* Bir W. Logan has fiMiiul that those limestonoa at the head 
of Lake TeniiMiainang include enormous blocks of the sandstone 
on uhich they rest; so that, in all probability, they are littoral 
deposits, and Pentamerus was not a deep-sea shell. 

t The two highly enterprising Arctic expeditions undertaken 
through the zeu and muniiieence of American gentlemen, the 
first under Dr. Kane, the second under Dr. Hayes, which 
reached the most northern lands ever explored, have quite (!on- 
flrraed the view which is taken in the text. In the first of these 
exjH'ditionB,Bome headlands ranging faraway to the north-eastern 
siae of Kennedy Channel (beyond Smith Bound) were sighted to 
the north of Orinnell Land. Dr. Hayes ha« since penetrated to 
a bay in lat. 81® 36', which he has most properly named after 
Lady Franklin. From the adjacent cliffs he nas collected nu- 
merous fossils which, having been examined ^ Professor Meek, 
prove to be all Unper-Silunan forms. Dr. Hayes has named 
one of the nortnemmoit of the larger oromontories Mount 
Murchison ; and, as the author of the * Silurian BystenL* I am 
naturally grstifl^ by this distinction. (See his work, *The 
Open Folitf Be^’ London, 1867, pp. 72, 340 ti «so.) 

X Permian limestone has been found as a drifted block at 
Bpitzbeiven, but has not yet been observed in the Arotio regions 
01 Norin America. Certain Secondary limeaton^ eharged 
with Ammonites and bones of Ichthyosauri, ooour in the most 
northern latitudes explored. See Belcher's * Last the Arotio 
Voyages,* voL ii. pi. 35; M*Clintock, Journal of the Boyal 
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Looking; indeed; to the vast and little-accessible Arctic region, the geologist 
has good reason to be thankful for knowledge which has enabled him to classify 
the older sedimentary rocks of icy regions never trodden by civilized man before 
the present century. 

In terminating this brief outline of the succession of the older fossili- 
ferous rocks of America, let me remind the reader of the vast extent to 
which this continent is composed of Silurian, Devonian, and Carboniferous 
formations. In the Western hemisphere, as in Europe, the first signs of 
life are met with at the same low horizon in the crust of the earth ; and 
similar great groups are clearly distinguishable. We also observe that 
Eishes, which, so far as clearly known, were called into existence only 
towards the close of the Silurian period ♦, and were of such peculiar forms 
in the Devonian epoch, become conspicuous in the Carboniferous depo- 
sits of America, and exhibit many new types, including the remarkable 
large Sauroid Eishes of Agassiz. Again, with a considerable amount 
of land vegetation in the Devonian, the Carboniferous rocks of America 
are characterized by the same abundant flora, and even by many spe- 
cies of the same shelly remains, as in Europe, together with sauroid 
animals. The only essential difference which, when the first edition 
of this work was published, was supposed to exist between the older rocks 
of the two hemispheres was, that America offered no indication of the 
upward termination of Palieozoic life, which in Eui'ope is marked by the 
Permian deposits. That distinction even has now been removed by the 
discovery of strata containing many true Permian species in the north- 
eastern part of Texas ; and the same formation is now known to occur also 
along the eastern edge of the llocky Mountains f, — thus teaching us that 

Dublin Bocirty, Prb. ISA?, p. luid l{»*iK>rt. Brit has discoverfd an Uppi'r Carboniforous zone co- 
AaRoc. 18rW), iVana. Scft. p. 211. vrri*d by a mugnesian linu'Rtont*, and followed by 

* Keasons won* adduc«*d, in the first edition, to Triassic, .1 uraswe, Cretaceous, and Tertiary rocks. 
prov<» that the forms supposed to belong to Pishes This view of the order of succession was commu- 
in the N iagara-limestonc and Clinton Grou}>B were nieated inlH.'i.'l to tln*treoloffieal Society of France ; 
probably parts of Crustac'eans or of Annelides. and. recurring to it in other works, and in his 
The earliest Pishes yet knowm are from the general inm>, published in succeeding years, M. 
Lower Ludlow roi-k. Marcou afterwards brought togetlier all his 

t The foBBils which have brought out this co- observations in one volume. (‘ Geology of North 
inoidenei* between the youngi'st Palieozoic rocks America ; with two Keports on the Provinces of 
of the New aUd Old World, were discovered by Arkansas and Texas, the Kooky Mountains of New 
Mi^or F. Hawn and Dr. Cooper, and being sent Mexieo, and the Bierra Nevada of California, 
by them to Mr. Meek of New York, that gen- originally made for the Uniti*d States Govem- 
tleman and Dr. Hayden described some of ment’ April Zurich. Bee also Bibl. Univ. 
them as belonging to Monotis, Myalina, Bake- de Gen^ve, Juin That the magnesian lime- 

vellio, Leda (Nucula), Pleurophorus, Pano[ifca, stone aliove the Coal, of which that author has 
Nautilus, See Trans. Albany Institute, BL>oken, is truly of Permian age, has recently been 

March IHi'iS. ThiNii' authors hud no doubt that tnoroughly aBi‘ertaim>d through Professor Gei- 
the shells were of the Permian age. Professor nitz’s examination of its fossils brought from 
Bwallow of Missouri, to whom another cxilleetion the clififs of Nebraska City by M. Marcou. In one 
had been sent by Mi^or Hawn, arrived at the central band of these roclks, t>3 fossils were found, 
same eonolusion, and enumerated several species Of these, 22 species prove to be known in the Per- 
identioal with European forms, also many Corala mian rocks oi £uro]>e, 21 are new npecies, and 20 
As these Permian fossils have already been pro- are common to the Permian and Carboniferous 
cured from spots 100 miles distant from eaeh deiioaits. (See Maiyou, Bull. 8oc.G^ol.de France, 
other, and have been even traced to the northern vol.xxi. p.lH2, and Geinitz, Jahrbuch,1867,pp.l-0.) 
border of Missouri, the strata in each case over- This oollooation of fossils proves indiiputMiy that 
lying the eroded surfaces of the Carboniferous the Permian formation in America is, as in Eu- 
rooks. 1 agree with the s^gestion of Mr. Meek rope, truly Palaeozoic ; being linked on to the Car- 
«id Dr. Hayden, that the formation will be found boniferous svstem iust as Devonian rocks pass up- 
to have a considerable geographical range in the wards into the Carboniferous and downwards into 
fiur West. the Silurian system. We are th^ well imured 

M. Jules Marcou (who passed some monthsin the that the numeriod term IJya*, which Geinitz and 
elevated rf‘gion of the Bocky Mountains of Mexico) Marcou would substitute for the generally re- 
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all the seas of Palaeozoic times, even the very last of them, had a very 
great extension, and were inhabited by similar groups of animals over 
enormously wide areas. 

In concluding the Twelfth Chapter I stated that much important information 
respecting the geological position of the great oil-bearing formations of North 
America would be communicated in the sequel ; and, thanks to Dr. Sterry Hunt, 
I now offer a view of these deposits and their origin which will, I doubt not, 
be as new to many of my rt'aders as it was to myself when I first perused that 
excellent work * The Geology of Canada.* 

Petroleum in North America . — Petroleum occurs at several horizons in the 
great Palteozoic basin of North America. The lowest source is in the Lower 
Silurian limestones of Trenton, which are more or less oleiferous from Quebec 
to the Manitoulin Islands in Lake Huron, and thence to Chicago, and southwards 
as far as Kentucky and Tennessee. Tlio great overlying mass of sandstones, 
shales, and dolomites wdiich make up tin* remainder of the Silurian system is 
destitute of petrohmin ; but the Coniiferous or Lower Devonian Limestone is, 
like that of Trenton, oil-b(*aring, and furnishes the petroleum of the south- 
western peninsula of (*ai1ada, and of soimj parts of Kentucky, in both of which 
regions the w^eUs are often sunk directly into this limestone. In the interme- 
diate region it is generally overlain conformably by higher Devonian and Car- 
boniferous rocks, in both of wdiich, however, important oil-wells are found. 
Those of W (ist(im Pennsylvania are sunk in the shales and sand-rocks of the 
Upper Devonian. 

The observations of that accomplished mineralogist and geologist Dr. Sterry 
Hunt, as recorded in the ^ Geology of Canada,’ pages 522-525, and in Silliman’s 
^American Jounial’ for March 1803, show that the oil in the two limestone 
formations above mentioned could not have been introduct^d by a subsequent 
process, but must have been indigenous to certain beds of the rock. When 
these limestones, or their overljdng strata, are more or less disturbed from their 
horizontal position, the petroleum escaping from these beds finds its way to the 
surface, or else accumulates in the fissures of the anticlinals where these are 
stopped or clost‘d by overlying impermeable clayey strata. In some cases the 
Quaternary gravels, covt^red by clays, which overlii* these Palseozoic rocks, serve 
as reservoirs for tlie oil, and constitute w hat are called surface- wells. It is con- 
sidered probable by Dr. Hunt that the oil-fissures in the Devonian sandstones of 
Pennsylvania may have been filled from the underlying limestone formation, 
inasmuch as there appears to be as yet no evidence that oil is indigenous in 
these Upper Devonian strata. The great conglomerate at the base of the coal 
in Kentucky appears to hold, according to Lesley, indigenous petroleum. Apart 
from this, how^ever, it would seem that this substanf'e belongs to the pure or 
non-magnesian limestone formations of the Palaeozoic series. The Lower Car- 
boniferous Limestone of Kentucky is, according to Lesley, oil-bearing ; and it is 

ceived g«‘OcraphicAl name ‘ Pennian.’ ia wholly Let me add that it will be a aubjeot of ureat 
inapplicable in America, where the formation intereat to me, ahould the Permian cone be found 
(at Nebraska CitvJ ia a Jfonas, or one calcareona to range northwards through the United States into 
mass. In truth, 'the group varies from a single to the British territories. For oertain small Prodnoti. 
a quadripartite diveiaion, according to the country and other fosails in a magnesian limestone bronght 
examin^, and thus the simple geographical term home by Sir John Richardson in his early travels 
‘Permian' is suited to emoraoe all such varia- with Franklin, and which have been rnisla^ were, 
tions, whilst that of intended by M. Haroou 1 believe, Permian ; and in this case, a sone of that 
to indicate some relation to the IVtos, is, by virtue age may be said to extend at intervals from Mexico 
of its fanna, entirely separated from that Secon- even into the Arctic regions watered by the great 
da^ gronp. Mackenzie River. 
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worthy of remark that in Gkisp4, in the eastern subdivision of the great Paleozoic 
basin, where the whole of the Devonian consists of sandstones, the pure lime- 
stones which there represent the Upper Silurian are oleiferous. 

The observations of Professors Andrews and Evans of Ohio, as well as those of 
Dr. Sterry Hunt, have shown that the available supplies of oil are met with along 
the crowns of gentle undulations, where fissures, often nearly vertical, contain 
the accumulation of ages, frequently accompanied by quantities of gas, whose 
elasticity raises the oil to the surface and gives rise to the flowing or spouting 
wells. A certain amoimt of undulation is thus required to &cilitaie the accu- 
mulation of the oil (which from its levity ascends to the higher parts of the strata), 
and also to give rise to the requisite fissures or reservoirs. Too great a dis- 
turbance of the rocks, however, allows the oil to run to waste. Its alteration 
by evaporation and by oxidation in fissures gives rise to solid matters, which 
vary from a kind of asphalt to more or less insoluble coal-like bodies like what 
have been named Albertite and Grahamite. These matters fill great veins in 
the Carboniferous rocks of West Virginia, and are also described by Dr. Hunt 
as occurring in Lower Silurian rocks in Canada, where they are found lining or 
filling fissures, and sometimes assuming mammillary or stalactitic forms. Such 
materials are even met with in veins in the old Laurentian limestones, con- 
verted, however, into something like anthracite. According to Dr. S. Hunt, it 
is to the comparatively undisturbed character of the Palasozoic rocks of North 
America that the preservation in them of such largo quantities of petroleum is 
due ; and he supposes that this substance was once not less widely distributed 
in the Palaeozoic rocks of other regions, where, however, the conditions for its 
preservation have been less favourable than in North America*. In those parts 
of North America where the oleiferous strata are nearly or quite horizontal, the 
borings seem to have yielded little or no peti'oleum, for the obvious reason that 
the inclination of the strata which would enable the oil to ascend through the 
joints of the strata to higher levels is there wanting. This relation of the oil to 
the lines of uplift is remarkably seen, say's Dr, Hunt, along the great Cincinnati 
anticlinal, a gentle undulation which stretches from the head of Lake Ontario 
in a south-western direction for about 500 miles to the Cumberland Valley in 
Kentucky, dividing the great carboniferous areas of North America. This anti- 
clinal brings up in the Cumberland region the Lower Silurian strata rich in 
petroleum, but near its north-eastern extremity is covered by the Middle and 
Lower Devonian strata, in which are sunk the oil-wells of Western Canada. 
The further relation of these to the numerous subordinate undulations, parallel 
to the great anticlinal, is shown in detail in the Heport on the Geology of 
Canada for 1806. 

Petroleum is generally associated with saline waters, and, according to 
Dr. Hunt, for the very obvious reason that the comparatively undisturbed 
marine strata in which it occurs ore everywhere permeated by the water of the 
primeval oceans, which naturally finds its way to the surface along the same 
lines as the petroleum. In addition to these ancient sea-waters, true saliferous 
formations exist in many regions, and yield pure brines from the solution of rock- 
salt. These formations, however, belong to different and distinct formations 
from those bearing petroleum. Thus, in Western Canada, after penetrating the 
Lower-Devonian oil-horizon, the gypsiferous and salt-bearingOnondaga formation 
of the Upper Silurian is encountex^ ; and in the adjacent parts of the United 

‘ It is worthy of remark that the great lappUes of petroleum in most other parts of the world are 
deriTed firom Meaoaoio and Cmnoaoio formanona. 
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States two other salt-formations are met with^ the one above and the other 
below the Carboniferous Limestone. These salt-formations^ derived probably 
from the drying up of sea-basins or salt lakes^ are naturally limited in their area 
when compared with the widespread oil-bearing formations which were depo- 
sited in the open sea. 

With regard to the origin of petroleum, Dr. Himt adopts the conclusion de- 
duced by Mr. Wall from his researches in Trinidad*, that its source is to be 
found in a peculiar transformation of organic matters, either animal or vegetable, 
under conations unlike those which give rise to coal. This process, according 
to Dr. Hunt, has probably bi*en eflected in comparatively deep waters, where 
oxygen was excluded, and the carbon, retaining its maximum of hydrogen, was 
converted into liquid or solid bitumen, which is thus in these cases the only 
representative of the organic tissues which in different conditions would have 
given rise to coaly or lignitic matters. The preservation of these tissues in such 
forms is thus incompatible with the production of petroleum ; and there exists 
no connexion whatever between this substance and the beds of flaming coal and 
schists (pvroschists) which. Dr. Hunt adds, are incorrectly termed bituminous, 
not because they contain bitumen, but because they may bo made to yield 
volatile hydrocarbons by destructive distillation. 

* Sue on the Geology of Trinidad, Mem. Geol. Surrey, 1860; also Quart. Joura. Geol. Soo. 

vol. xvi. p. 467. 
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CHAPTER XIX. 

ON THE ORIGINAL INTRODUCTION OF GOLD INTO THE EARTH’S 
CRUST AND ITS SUBSEQUENT DISTRIBUTION IN DRbRIS OVER 
VARIOUS PARTS OF THE SURFACE. 

CoNsiDEBiKG the great quantity of Gold which has of late years been found 
in California and Australia, it may be expected that an author who has 
home a part in the discussions upon this subject* should devote some 
pages to so engrossing a topic, — the more so as my chief article of belief 
has now proved to be true, viz. that the rocks which are the most aurife- 
rous belong to the Polajozoic epochs, and especially to the Lower- Silurian 
age. At the same time I have to modify to some extent that aphorism ; 
for it will bo shown that there are examples of auriferous igneous rocks and 
veinstones having been protruded into strata of Secondary age, the latter 
having become to some extent auriferous, — a fact unknown to me when the 
last edition of this work was published. The views now put forth will 
chiefly relate to the geological and mineralogical conditions under which 
gold has occurred. As a clear understanding of this point may tend, in 
some measure, to aUay the fears of those who think that the metal may 
be discovered over regions vastly more enormous than the tracts to which 
it is restricted, certain geological and statistical data and arguments that 
I have advanced in greater detail in other works are here brought together. 

Let us first reflect upon the general fact that, whilst all the stratified 
formations are composed either of crystalline and Palaeozoic rocks or of 
Secondary and Tertiary deposits, gold has never been found in any appre- 
ciable quantity in either of the two last-mentioned classes of strata where 
they are in their natural state, i. e, where they have not been penetrated 
by igneous rocks or metamorphosed and impregnated with mineral veins. 
The vast areas, therefore, which are covered by all such younger unaltered 
formations are excluded from the general auriferous area ; and every one 
who lives in tracts the subsoil of which consists of such unaltered rocks, 
may at once be assured that he can never find gold in them. 

Having laid down this generalization, which affirms that by far the 
largest countries contain little or no gold, we proceed to consider the 

* See * RuMia-in-Europe and the Ural Moun- 1850, vol. Ixxxvii., Article ‘ Siberia and California,’ 
taint,' p. 437 9eq.; Trans. R. Geogr. Soc., Pre- p. 39. Quart. Joum. Geol. Soo. Lond. vol. viii. 

tident't Ditoourtes, vol. xiv. 1844-1845,— >in the p. 134. And, lastly, ' Further Pa}H*r» on the 
first of which the Australian rocks were compared Recent Discovery of Gold in Australia,* presented 
with those of the Ural. Trans. Royal Geolopical to Parliament Aug. 16, 185;% p. 4;% including my 
Society, Cornwall, 1846, p. 324 «t 9eq., in which correspondence, in 1848, with Her Majesty^ 8e- 
Comish tiu'miners were incited to emiiprate and cretarv for the Colonies, on the then known exist- 
work for gold in Australia. Reiiort of the British ence of gold in Australia, and tendering my advice 
Assoination for the Advancement of Science, 1849 as to the manner of opening out useful gold-works 
(Trana of SeotionB, jx 60). Proceedings of the in the Colony, 

Rc^ahlustitutiou, March 1850. Quarterly Review, 
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nature of the gold-bearing rocks themselves^ as well as the limits of the 
auriferous Drift, whether gravel or other superficial materials. 


Appealing to the structure of the different countries which at former periods 
have afibrded, or still afford, any notable amount of gold, we find in all a general 
agreement Whether, referring to ancient history, we cast our eyes to the 
countries watered by the Pactolua of Ovid, to the Phrygia and Thrace of the 
Greeks, to the Alps * and golden Tagus of the Romans, to the Bohemia of 
the Middle Ages, to tracts in Britain which were worked in old times, and have 
either been long abandoned or ai*e now scarcely at all productive, or to those 
chains in America and Australia which, previously unsearched, have in our 
times proved so rich, — we invariably find the same constants in nature. In 
all these lands gold has been imparted abundantly to those ancient rocks only 
whose order and succession wo have traced in the foregoing Chapters, and, as I 
believe, by the agency of the associated eruptive rocks. The original position 
of the metal most usually is in quartzoso veinstones traversing altered Palaeozoic 
slates (often Lower Silurian t ), ^queiitly near their junction with eruptive rocks, 
it being also found diffused through the body of rocks of igneous origin. The 
l*alfeozoic accumulations which followed from the Lower Silurian up to the Car- 
boniferous inclusive, however (and chiefly the oldest of them), have been the 
deposits which, in the tracts where they have undergone a metamorphosis or 
changes of structure by igneous agency, or have been penetrated by quartz- 
veins, are the chief sources wdience gold has been or is derived. 

However we may account for them, the facts are those which I have for 
many y cal’s exposed — viz. that besides igneous rocks, whether granites or 
diorites, which have carried up gold in their matrix, cerhiiu geological zones 
only in the crust of the globe have been rendered richly auriferous. 

GoUi in Britain , — The British auriferous examples, comparatively small in 
ju’oduce as they have been, will bo first briefly alluded to, because the reader 
can at once refer, in the coloured map of this work, to two districts of Wales 
wherein gold has been found, and in one of wdiich it is now in the course of 
extraction. (See the golden-spotted patches in North and South Wales.) 

In the Lower Silurian rocks, about ten miles west of Llandovery, at a spot 
called Gogofau, near Llan-piimp-saint, large white quartzose veinstones, tra- 
versing slaty masses, were cut into by the Itomans, who excavated lofty galleries, 
which are still open. That enterjmsing people cjvidently derived gold from 
portions of these veinstones. Many gold omaments have, iu fact, been found at 
the adjacent Roman Station of Cynfil-Cayo, with traces of aqueducts, built 
probably to convey water to wash the gold. Even the grindstones J and troughs 
used in abrading the hard matrix are yet to be seen. 


* In truth, as abovr oxiirrssiHl, evpry old 
country of Euroin* wh<*n* fht- roi’kn om*** auri- 
ferous LiS long ('eased toyield any valuable amount 
of gold. In reference to the AIiih, 1 am indt'bted 
to my lamented friend the late Mr. .J. W. Cowell 
for pointing out to nu* the following passage in 
StratKi (Book iv. ch, tf. sect. i:i), liy which it ap- 
pears that even Imperial Home was at one time 
inundated with a glut of gold from h<;r northern 
mountains : — “ Polybius says that in his time the 

f ;old mines were so rich about ( north of ^ Aqui- 

eia, but especially in the country of the Taurutci 
NoricU that if you dug but two feet below the 
surface you found gold, and that the diggings (ge- 
neralljr) were not deeiier than l.j feet; that in 
some mstances the gold was found pure, in lumps 
of the sise of a bean or a lupin, and’ which 1(^ 


only one-eighth in smelting ; in others it required 
more smelting, but whs very profitable. Italwns 
aiding the Barbarians in the working uw two 
months, gold beeaiiu- forthwith one-third cheaper 
over the whole of Italy ; and the Taurisci disotH 
yen ng this, drove the associate Italians away and 
monopolized it themseJvijs. At present all gold- 
mines belong to the Homans.” , 

t Gold has recjently been detected in a veinstone 
even in the Laurentian rocks of North America. 

I See ‘ Silurian System,' p. At the time of 
the publication of that work (18!J9) I h^ not 
visib'd the Ural Mountains, and was Uttle ac- 
quainted with the nature of gold-bearing rocks 
and the methods emplcwed for the extraction of 
the metal, or I should at once have recognized 
08 certain what I only ventured to suggeibr-thot 

2g 
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In North Wales, where similar but older strata hare been more crystallizes 
and infinitely more penetrated by igneous rocks, gold was not only obtained ii 
ancient times, but is still found to some extent. In Merionethshire some of ths 
older slaty rocks were twenty years ago announced, by Mr. A. Bean, to be aurife* 
rous*. The district then referred to, which lies to the north of Dolgelly, and U 
the north and west of the small river Mowddach, has since been resurveyed b} 
Professor Ramsay, who has described the precise geological relations and mineral 
character of several metalliferous lodes, which, poor in lead and copper, are 
slightly charged with gold f* The lodes are subordinate to the Lingula-flags oi 
Lowest Silurian, as well as to the adjacent Cambrian rocks; and these being tra- 
versed by trap-dykes (including magnetic greenstone), as well as bounded by a 
large mass of eruptive rock, are much altered, often into a talcose and chloride 
schist, and are traversed by quartz- veins containing much iron-pyrites. The 
principal localities where the gold had then been observed are Cwm-eisen-isaf and 
Dol-y-frwynog. One of the veinstones at the latter place consists of white sac- 
charoid quartz, in some of which small flakes of gold are distinctly visible to the 
naked eye. Professor Ansted, who has examined the same gold- veins in situ, re- 
ported to me that, at Dol-y-frwynog, the gold is disseminated both in grains and in 
laminas enclosed in irregular veins, parallel to the Lower Silurian schists, and 
contiguous to a poor lode of copper-ore, the whole lying near a greenstone within 
the slaty rocks. The auriferous bands, he says, are made up of numerous threads 
of quartz and sulphate of baiytes, which, besides the grains and flakes of gold, 
contain crystals of galena and copper-pyrites. 

Mr. Warington Smyth, who had previously examined this mine, has devoted 
much attention to other auriferous veins in this district, and particularly to that 
called St. David’s Lode, which intersects the Lingula-flags near the old copper- 
mines of Clogau. The lode, which is very definite, although variable in cha- 
racter, has yielded, from workings of moderate extent, probably not less than 
£70,000’ worth of gold J . 

At a few places in Cornwall § and Devonshire, gold has long been known to 
exist in small quantities, both in the matrix of mineral lodes and occasionally 
in accumulations of rolled materials. The Poltimore mine, near North Molton, 
Devon (where certain schists of Upper Devonian ? age are mineralized, and were 
formerly worked for copper), was said in 1863 to promise a rich auriferous 
result ; but since the issue of the first edition of this work the speculation has 
been abandoned, it having been proved (as I suggested to the noble proprietor 
would be the case) that no suflicient body of gold-bearing matrix would be found 
to repay the cost of the works. The coarse ancient alluvium or gravel of Corn- 
wall, whence the tin-ore has been extracted, as well as some other portions of 
Drift in that county, have indeed long afibrded small quantities of gold ; but, 
although the largest fragments have occasionally been of the size of a pigeon’s 


the rook might formerly have been quarried for 
the gold it contained. Sas|>e<*ting that some 
trace! of gold might be deteoti'd in the pyritoua 
refttae of the quarti-rook, I submitted a little of 
it to the late eminent chemist. Dr. Turner; but he 
oonld not detect a trace of the precious metal. 
Bubaequently, however, Mr. Warington Smyth 
and Dr. Pen^y detected a small quantity of gold 
diffused in these quartx veinstones. See Memoirs 
of the Geological Survey, vol. i. p. 480; also an 
exposition of the relations of gold, in the ‘ Lec- 
tures on Gold’ by S. Forbes, Jukes, PlayfiEiir, 
Percy, Warington Smyth, and Hunt. 

* Report Brit. Assoc. Adv. of Science, 1844, 
Trans, of Sect. p. Sft. 

t Quart Journ. Geol. Soc. Lond. vol. x.p. 242. 


See also Mr. Readwin’s notes on the j(old-prodnce 
of this district, read before the British Associa- 
tion in 18a3 and ISO.*). 

X The quantity' of gold raised from this lode 
between April i860 and May 1807, as officially 
accounted for to Her Miyesty’s Office of Woods 
and Forests, is 12,416 os. Aj^iiearances are at the 
present moment very promising. See Appendix. 

$ Mr. S. R. Pattison read before the Geoli^cal 
Society ( February Ist 18*'>4) a notice on auriferous 
quartz-rock near Davidstow, North Cornwall, the 
^ief gold-bearing mass of which is Uie gouan of 
a dyke in a metamorphosed rock of Upper-Devo- 
nian age, which, mantling round the granite of 
Bough Tor, is also associated with dykes ci trap. 
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egg, none of these superficial accumulations have been considered worthy of 
continuous exploration. 

In Scotlandi whilst slender traces only of gold have been detected in the 
older crystalline rocks of the Northern Highlands*, albeit many of them are 
now known to be of Ijower-Silurian age, the metal was formerly found in the 
slates of the South of Scotland (Lead Hills), which, like those alluded to in 
North and South Wales, are also of that age. These Soiith-Scottish gold*mines, 
after having, in the reign of James the Fifth, afforded a small sum, were 
abandoned as soon as the cost of production exceeded the value of the ore ex- 
tracted t- They occurred in a region where the strata have been much pene- 
trated by porphyries and other igneous rocks. 

In Ireland we read the feaine lesson. It is from the altered Lower Silurian 
schists-of Wicklow, which clasp around the eruptive granite of Croghan-Kin- 
shela, and are traversed by homblendic greenstones, that gold was derived j and 
ftagments of it, detached from the sides of that mountain and washed dowm 
by the rivulets, continue to he still picked up by the natives J. 

Now, if any portion of these old slaty Hritish rocks, or their associated erup- 
tive masses, had been largely penetrated by gold, then most assuredly much 
more auriferous debris would have been recognized in the local adjacent gravel 
— just ns it occurs in all really gold-bearing lands. Bui as no rich auriferous 
sand or gravel is known in any part of the British Isles, we may rest satisfied 
that in our own country, jis in many others, the quantity of gold originally im- 
parted to the Silurian or other rocks w^as small, and has, for profitable working, 
been exhausted, with the exception of the mines north of Bolgelly §. 

Even in Boliemia, which produced so much gold in the Middle Ages, and 
w^here the Silurian strata are, as "we have seen (Chap. XV.), penetrated by many 
igneous rocks (and in parts much metamorphosed), there are now no gold-works, 
though other ores (copper &c.) are profitably extracted j and, just as in the 
rocky and mountamous tracts of Britain, very few places only can be cited 
which hav'e been auriferous. The Thiiringerwald, and some chains of Central 
riermany, also anciently aftbrded a little gold in rare and widely separated loca- 
lities II ; but these regions, as well as the Peninsula and its * golden Tagus,’ 


* Hear Loch Erne Head, a metallifiTous vein- 
stone observed by the late Marquis of BreadiU- 
bane was found to be slightly imprejn^ti'd with 
gold. The ^old owurred in a gossan, contiguous 
to the junction of trap with crystalline limestone 
and sclusts (probably of Lower-Silurian age), and 
is associated with arsenical pyrites and lead-ore. 

t Bee Harkness on the * Lower Silurian Rocks 
of Scotland,' Quart. Journ. Geol.Soc.vol.viii.p.3iW. 

I The Earl of Wicklow, whose oropi-rty is in 
the vicinity of the mountain of Crognan-Kinshela, 
has collected several ‘ pepitas ’ of this Irish gold, 
the largest being about two inches long. They are 
free from rnwrts or other rocky matrix, and nave 
been picked out of the del^ris or coarse gravel on 
that slope of the hill where a rivulet descends 
through the property of the Earl of Caryafort. 
No veinstone in situ has ever been detected (Mills 
and Weaver, Trans. Dublin Hociety, and Weaver, 
T^ns. Oeol. Soc. Lond. 2nd ser. vol. i.) ; and al- 
though poor jiersonB have stealthily procured 
Bpec&ens during this century, the quantity has 
never been sufficient to lead to the belief that 
really productive diggings could be o[>ened at the 
Roval Gold-mine of Croghan. Tinstone is said 
to have been found with the gold here, as in Corn- 
wall and other places (Fitton, Trans. Geol. Soc. 
L)n<L, vol. i. p. 270) : the phenomena are well 
described by Professor W. W. Smyth, Records of 
the School of Mines, vol. i. p. 8, with a map ; 
see also Ifroc. Roy. Oeol. Soc. Ireland, January 


11, 18IW, 

$ The reader who has attended to this sub- 
ject will observe that the chief argument I have 
employed in other writings (see note, p. 448) to 
satisfy the public mind that auriferous sites in 
the old countru'B of Furoiw would for the most 
part prove alightly profitable only, was that all 
such works had ceased in former times for want 
of remuneration. Let me, however, say that, 
whilst 1 beln*ve the old gold-tracts of Europe 
have, on the whole, been exhausted of their 
wealth, there may still be found s|K>ts where a 
little profit is att.Hiiiable. I would ihrther guard 
any inferences I have drawn from our previous 
state of knowletJge, by saving that my opinions 
were formed irrespe<-tive of Uie new inventions in 
mechanu^l science. Crushing-nuuihines and the 
improved application of mercury may, indeed, 
liberate a notable quantity of ore from a matrix of 
apparently slight value, and thus set at nought 
the cx|)enence of ages. Not prctimding to enter 
into this mercantile part of the question, i adhere, 
however, to the belief expressed throughout the 
text, that gold will mainly be found in the old 
rocks indicated, and will, on the whole, be worked 
to the greatest advantage, as during past ages, in 
the natural dehris of those rocks. 

li The sands of the River Rhine (which drains 
so vast a rocky region) are in -one part slightly 
auriferous ; but the cost of extraction of the gold 
has been too great to repay the speculators. 

2g2 
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BO auriferous in the classical era; have; I repeat; long since ceased to offer an^ 
notable quantity of the precious metal. 

TK^ Ural Mountains , — ^No country furnishes a clearer example than Bussia o1 
the dependence of gold on certain geological and mineral relations. Her Euro- 
pean territories are, as has been stated; chiefly occupied by slightly solidified 
primeval deposits. Under these conditions; and with a total absence of any 
crystalline rockS; whether of intrusive or of sedimentary and metamorphic cha- 
racters, not a particle of gold has been discovered in them; over an area larger 
than the rest of Europe \ but where the same formations have been thrown up 
into inclined and broken positions in the Ural Chain; and have there been pierced 
by porphyry; greenstone, syenite; and granite, in association with huge masses 
of serpentine; the very same deposits that are so soft ki European Kussia have 
been hardened, crystallized, veined, and rendered highly metalliferous, some of 
the igneous masses being also auriferous. 

As the rocks in this chain, which separates Europe from Asia, are now known 
to be similar in character to those of numerous other auriferous ridges in Siberia 
and the Altai Mountains of Asiatic Russia, the present description may serve to 
explain the composition of those vastly larger eastern tracts. The study of this 
Uralian Chain enabled me to suggest, in the year 1844, by comparison of the 
rocks of the two countries, that Australia would also prove to be an auriferous 
region. The survey of the Ural Mountains in 1842 led mo further to define, 
within certain limits, the period when the Silurian rocks were chiefly impreg- 
nated with gold, and also to affirm that gold, as a distinct metallic mass, is of 
younger date, in that region, than the associated ores of copper and iron*. 

With a watershed for the most part not exceeding 2000 feet above the sea, 
their highest peaks rarely rising above 6000 to 0000 feet, the Ural Mountains, 
throughout a north and south range of 18 degi’oes of latitude, are composed of 
rocks more or less crystalline, chiefly metamorphosed representatives of the 
Silurian and Devonian, and occjisionally of the Carboniferous age. The Lower 
Silurian strata are, indeed, to be recognized in a crystalline staUi only. They are 
for the most part talcose schists, quartzites, and limestones j whilst the Upper 
Silurian, Devonian, and Cai'boniferous, though often also considerably altered 
(the limestones being frequently converted into marble occasionally dolomitic), 
offer here and there traces of their characteristic fossils. The flexures and frac- 
tures of the stratified rocks (Devonian and Carboniferous), as they approach the 
western flank of the altered and metalliferous axis of the chain, have been repre- 
sented in the view of the gorge of the Tchussovaya, p. SOC. 

The following sketch will convey some idea of the wild and central, highly 
mineralized masses which in the Northern Ural peer out here and there from 
amid forests of the jngantic Pinus Cembra. It was taken by myself from the 
summit of the Katchkanarf, a rugged pile of stratified and jointed augitic 
rock, highly charged wdth magnetic iron. Platinum, as well as gold, has been 


* See ‘ KnsaiS’in-Earope and the Ural Moun- 
tains,' Tol. i. p. 472 €t teg. Also Journal of the 
Rojal Geographioal Society, Preiidunt's Dii- 
oourtes, 1844-45. 

t The following iketch of the approach to thia 
mountain (visited, I l>elieve, by no other Euro- 
pean travelers) through the iorests, is given in 
the work * Bussia and we Ural Mountains.’ vol. i. 
p. 892: — **A large chaotic assemblage of loose 
angular blocks now lay around us, from amid 
which rose the magnificent Pinus Cembr^ tower- 
ing above all its assodates, the rocks being over- 
grown with pasonies, roses, and geraniums. Such 
stony features alone would have led us to suppose 
that we were at the foot of the object of our ex- 


ploration, when, in a few minutes, the broken and 
ji^ced outline of the Kati'hkanar burat uiton our 
sight under a fine bright sun and amid the meny 

a of birds. The dull, u et, and marshy wood- 
B were now exchanged for sunshine and rocks. 
.... Accustomed as we have been to the wildest 
features of the Highlands of Scotland and the 
Alps, we are unacquainted with any scene pre- 
senting a finer fort'ground of abruptly broken 
rocks ; and never certainly had we lookM over so 
grand and trackless a forest as that which Lay 
around us, and from which some straggli^ distant 
peaks (those on the north only being still capped 
with snow) reared their solita^ heads.” 
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washed down from the edges of this mountain and carried into the adjacent 
gorges on the east, though the sources whence these metals have been drifted 
into the coarse alluvium have not been detected. 

While the traveller who crosses the Ural in the partial depression followed 
by the highroad to Ekaterinburg will scarcely be aware that he has passed 
over any dominant ridge, the geologist who explores the mountains from the 
south along their line of bearing soon perceives that, to the north, their crests 
are marked by lofty and usually snowy summits, as in the annexed drawing. 
To the south, the central mass near Zlata-ust consists of altered sandstone and 
quartzites, forming sharp peaks, that separate Europe from Asia *. 



View fkom Tii»fiuMMiT of the Xatctikanab, Noeth Ural. 

(Prom ‘ Russia-in-Europo,’ vol. i. p. 302.) 

The snowy mountains scon in the distance to the north, are the much loftier peaks 
of Konjakoiski Kamen &c. 

Few chains offer more contrasting outlines than are seen upon the European 
and the Asiatic flanks of the Ural. On the former the limestones and other 
stratified rocks are indeed contorted, fractured, and partially changed, as before 
represented (p. 366), whilst in the centre, as on the eastern slopes, the masses 
consist everywhere either of highly altered and crystalline Silurian strata, or of 
the eruptive rocks which pierce them. There only, and particularly where the 
schists are cut by dykes of igneous rocks or traversed by veinstones of quartz, 
has gold been imparted in any quantity to the slaty, talcose, and chloritic strata. 
Though some efforts were made by the earlier Russian miners to extract gold 
from the solid matrix by undergroimd works, such a process was not continued, 
it having been found in^itely more profitable to extract the ore from the broken 
accumulations of ancient drift deposited on the slopes of the hills or lodged in 
the higher valleys wherein small watercourses meander. 

The only work at which subterranean mining in the solid rock is still prac- 

* See the fronti^>iece of * EoBaia and the Ural Kountainii.' 
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tided; and with very small profit; is at Berezovsk near Ekaterinburg. There 
the shaft traverses a mass called ^beresitC;’ a decomposing granite with veins 
of quartZ; in which gold is disseminated. In this case it is apparent that 
the gold-bearing rock is a true granite. The syenite of the Peschanka 
mineS; near Bogoslofsk; is likewise impregnated with particles of gold; and the 
surface-degradation of that rock afibrds profitable washings. Much fdrther to 
the east; in Siberia; Colonel Hofimann long ago indicated a tract where even the 
schistose stratified rocks are equally permeated by the small diffused particles of 
the metal; imperceptible to the naked eye. 

The prevailing practice, however; has hitherto been; to grind out the Uralian 
gold (by water-mills) from the broken or drifted materials only; and collect it 
for use. This is notably the case on the east flank of the chain*; where the 
mixed and coarse detritus of all the hard rockS; including much greenstone; has 
at certain spots proved to be auriferous; and in some cases much more so than 
in others; there being very large tracts indeed where no trace of gold can be 
detected even in similar detritus. 

On the east flank of the South Ural (south of Miask); where the chain is still 
auriferouS; conical igneous rocks have burst out; as represented in the annexed 



Lake of Ausiikul, Southern Ural. 


(Prom a lithogra^ in ‘ Eassia and the Ural Mountains/ vol. i. p. 359. The ‘ Holy 
Mount’ of the Tatars is opposite, and the Ural range is seen in the distance.) 

* The reader muet reoolleot that the superfioiee works are known only at one spot in the western 
of all the looalitieB of the Und Mountains in ahich side of the watershed, via. at ChrestovosdTisRenak. 
gold has been fonn^ united, amounts but to a It was there that most of the few small diamonds 
es^y amall i>art of the whole ^ain. Incalculably found in the Ural chain were detected, in coarse 
more dimimshed is the prc^mrtion between rocks andent drift. They were no longer discovered 

which from their nature might be, but are not, when I visited that place, and traversed the wild 

auriferous and thoae of similar structure which wooded chain by the SLatchkanar to Nijny Tu- 

really contain gold, when we extend our researches rinsk. See * RuBsia>in- Europe and the Ural 

into Central and Eastern Siberia. Thus gold- Mountains,' pp. 891’-480. 
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drawing, and constitute a picturesque scene. The rich grassy low grounds 
around this Lake of Aushkul, in the country of the Baschkirs, are to some little 
extent auriferous, the gold having been derived by debacles of former periods, 
which denuded the surfaces of the slaty and quartzose chain (as seen in the 
distance), or the adjacent conical hills of greenstone, altered schists, porphyries, 
syenite, and serpentine surrounding the lake. The slopes and depressions are 
partially occupied by the gold-bearing debris *. 

The extent to which limestones of the Carboniferous age have been altered 
on the eastern flank of the South Ural is instructively seen at Cossatchi-Datchi, 
a remote spot visited by my companions and myself, and where also a little gold 
has been found. 



HiiiiiS OP Cossatcui-Datcih. 

(From ‘ Russia and the Ural Mountains,’ vol. i. p. 439.) 


The hills forming the background of this sketch are composed of eruptive 
rocks and some old schistose strata, whilst in the foreground a little basin is 
occupied by a number of small conical hillocks of Carboniferous Limestone. 
Their form and mineralized condition are probably due to the action of gaseous 
vapours and change of the original substance, since not only the traces of 
bedding are obliterated, but the limestone has been rendered fetid and saccha- 
roid, breaking upon a slight blow of the hammer. In this case the metamorphic 
action, however it may have been produced, has just been sufficiently intense to 
render the limestone as pulverulent as sugar ; but it has left numerous organic 
remains so uninjured that they are easily removed from the matrix f. 



<1 a b 

Diggings at the Soimanopsk Mines. 

(From ‘ Russia and the Ural Mountains/ rol. i. p. 487.) 


At the Soimanofsk mines, south of Miaak, great piles of ancient Drift or gravel 
having been removed for the extraction of gold, the eroded edges of highly in- 

* The rock in the foregronnd, on which we stood, some of which we could not distinguish from well- 
is » ocnnpound of dinll^e and serpentine, and ia known forms of the Mountain-limestonea of York- 
to some extent magnetic. The most striking of shire, WestmoreUnd, and Derbyahire, nor others 
the conical mounts is the Holy Hill of the Baech- from species which are abundant in the same for- 
kirs (* Suaaia and the Ural Mountains,' p. 437). mations in Belgium and France ! . . . . Without 
t After enumerating upwards of thirW species this disoorery we could not . hare Tentured to 
of these fossil shells, my companions and myself affirm that many otiier adjacent masaei of ciyt> 
thus qx>ke of them: — ^^^ose alone who hare the talline limestone immersed among the grannea 
same reqiect for a true characteristic fossil as and trappean rooks of these mountains belonged 
onrselres cui imagine the feelings of delight with to similar or associated deposits." (* Russia and 
which we here found oongregatM in one natural the Ural Mountains,' toI. i. p. 44.) 

Siberian storehouse «o great a number of shells. 
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dined crystaUine limestones have been exposed^ whicb^ being much nearer 
the centre of the chain than the above^ are^ I believe, of Silurian age. It is 
from the adjacent eruptive masses and slaty rocks, 5, that the gold-shingle, c 
(usually most auriferous near the surface of the abraded rock, a), has been 
derived. 

The tops of the highly inclined beds, «, are, in fact, rounded off, and the inter- 
stices between them worn into holes and cavities, manifestly by very powerful 
aqueous action. Now here, as at Berezovsk (of which hereafter). Mammoth - 
remains have been found. They were lodged in the lowest part of the excava- 
tion, at the spot to which the small figure of a man is pointing, and at about 
fifty feet beneath the original surface of overlying coarse gravel, c, before it was 
removed by the workmen from the vacant space under the dotted line. The 
feeble influence of the existing stream, w, in excavating even the loose shingle, 
is seen at the spot marked o, the bed of the rivulet having been lowered by 
manual labour from its natural level, o, to that marked w, for the convenience of 
the diggers. 

In some spots the gold-bearing alluvium is a heavy clay j in others it is made 
up of fragments of quartz-veins, chloritic and talcose schists, and diorite, 
which lie upon the sides of the hillocks of eruptive rocks *. It was from the 
infillings of one of the gravelly depressions which I visited, between these eleva- 
tions south of Miask, that the largest lump of solid gold was taken of which at 
that time (1824) there was any record t* The diggings by which the gravel or 
local drift was cleared away from around the vertical masses of rock, the sur- 
faces of which have been so much eroded and channelled out, are expressed in 
the following diagram. 

No watercourse sufficiently powerful to support a single block, much less to 
spread out broad accumulations of such coarse materials, now flows into this 
upland depression. Nor could the action during millions of years, of such an 
agency as that of the puny rivulets -which now meander in parts of the gravelly 
low ground, account for the eroded and deeply worn surfaces of the rocks, 
whether crystalline limestones, quartzites, greenstone, or serpentine. We are 
thus necessarily compelled, by all the evidences, to adopt the belief that on 
the Asiatic side of the Ural, as in many parts of Europe, the transport of vast 
masses of Drift was accompanied by powerful and long-continued aqueous 
abrasion, most probably marine, of the summits and slopes of the adjacent 
auriferous hills. 

Whatever may have been the period when the rock was first rendered auri- 
ferous (and that was certainly long after the formation of the Palaeozoic deposits) 
the date of the distribution of the Uralian gold over the surface is clearly indi- 
cated \ for the detritus contains in many places remains of the same extinct 

* The auriferous shingle, grarel, or sand of the 1743 oss. 3 dwts., or 145 lbs. 3 dwts. Troy, of which 
Ural Mountains is poor m i>eroentage in oompari- 6 ocs. oi^ were estimated as matrix. As the 
son with what has of late years been discovered in Bank of England was necessarily the purchaser, 
California and Australia. Thovigh veiy large ‘pe- it was hoped that it would be preserved as the 
pitas * or nuggets have occasionally been found, property of that Corporation in the British Mu- 
muoh of the auriferous ground considered worth seum, and be there viewed as a national treasure, 
working in Bussia, where labour is cheap, and its value being £6905 12«.9d.; but, alas! the legal 
water«{^er for crushing is everywhere at hand, documents by which the Bank Pirectors are bound 
would, if situated in Australia or California, be necessitate the keeping of all the Bank gold in the 
little heeded. cellars of the Bank. A still larger nugg^ subse- 

t This *nepita,' weighing ninety^six pounds quentJy discovered, and known as * the Welcome 
Troy, is still c^ibited in the Museum of tne Im- Nugget,' was found at Ballarat, Victoria: it had a 
penal School of Mines at St Petersburg. Since len^h of 20 inches, breadth of 12, and depth of 7 ; 
the first edition of this book was published, very it weighed 2195 ozs., and fetched £9325. See Prof, 
much larger nuggets have been discovered in Au- Tennant's Supplement to J. Arthur Phillips’s 
stiwlia. One found in the Mines of Victoria, 120 paper on Gold-mining &c., Soc. Arts, 1862 ; and 
mles north of Melbourne, and called * the Blanch Beport Brit Assoa 1^9, Trans. Sect p. 85. 
Barkly NnggeV and exhibited in London, weighed 
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fossil qiujjtfnipeds as are found in the coarse Drift-gravel of 'Westem Europe. 
The Elephas primigenius or Mammoth, Bos aurochs, Bhinoceros iichorhinus, 
with gigantic Stags, and many other mammalia, were unquestionably cotem- 



Golt)-diogings at Zarevo Alexandroprk. 

a. Ancient rocks, consisting of talc-schist with veins of quartz (the ori^nal matrices 
of the gold), concretionary felspar-rocks, greenstone, Ac. b. Coarse shinme and gravel, 
about twelve feet thick, in which the great ‘ pepita ’ was found, c. Hills from which 
the chief ddbris, b, was derived, d. Pyramid erected to commemorate the visit of the 
Emperor Alexander the First. 

poraneous denizens of Europe end of the Siberian portion of Asia. They appear 
to have been exterminated, if not simultaneously, at least previously to the 
existing conditions of the earth’s surface in the northern hemisphere, the Bos 
aurochs being the only one of these huge mammals which, as far as we know, has 
been preserved to our days *. 


Gold-siiingle near Ekaterinburg. 



a. Auriferous granite in situ. (These rocks contain gold in quartz-veins in the de- 
composing granite called ‘ Beresite ’ by the Eussian miners. Heroin is the only mine 
in thb chain, or in any part of Siberia, which is worked undergi^und ; and, though very 
shallow, it scarcely re^ys the expenditure.) b. Debris with gold and Mammoth-l^nes. 
c. Alluvial clay covered by humus and bog-earth. 

This diagram explains the relations of the coarse gold-bearing Drift with Mam- 
motb-bones, as seen at the Berezovsk mines near Ekaterinburg. 

Before we quit the consideration of the Ural Mountains, the reader may be re- 
minded tbat, throughout the length of 600 miles, the rocks contain the precious 
metal at wide intervals, and in limited patches only. Having indicated the geo- 
logical period when the superficial gold-drift of this region was accumulated, 

* The Bos aurochs was probably saved by hav- tion which befell their associates. This i^logi- 
ing inhabited an isolated ^ot in Western Bussia cal view is fiillj explained by me, aocampani^ by 
near the forest of Biela vieja in old Poland, where an excellent account of the Bos aurochs by Pro- 
the herd now lives, having there been locally fessor Owen 0 Bussia-in-Europe and the Ural 
exempted from the causes of that great destme- Mountains,' vol. i. p. 503 ei aeq.). 
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let me also here advert to my suggestion concerning the era at whichgthe rocks 
were impregnated It has been already stated that when the metal is found m 
dtu it is chiefly in metamorphosed strata of Silurian age^ occasionally in De- 
vonian, very rarely in Carboniferous ; and it is certain that in the Ural Moun- 
tains the gold was segregated in separate masses in these formations at a 
comparatively modem geological period In the first place, the western flank of 
the Ural chain offers clear proof that the process had not been effected when 
the Permian deposits were completed. During that period vast heaps of 
pebbles and sand, all derived from a preexisting Ural chain (the older stratified 
rocks of which had even then undergone much change), were spread out for a 
length of many hundred miles over the lower country on the west. Together 
with fragments of all the rocks, sedimentary or igneous, which are known in 
the chain, specimens of magnetite and copper-ore, large quantities of which 
abound in the range, are not uncommon in these Permian deposits so largely 
worked for copper-ore ; but nowhere do they contain traces of gold or platinum. 
Had those noble metals then existed in the Ural Mountains, surely some por- 
tions of them must have been washed down together with the iron- and copper- 
ores, jaspers, and other minerals, and, being indestructible, must necessarily 
have formed part of the old Permian conglomerates. On the contraiy, when the 
much more modem debacles that destroyed the great animals, and heaped up 
the piles of gravel just described, afSected this chain, then the dc^bris was 
auriferous. It is manifest, therefore, that the original Uralian rocks were 
charged with gold during the intervening time — that is, between the Permian 
period and that of the Mammoth-Drift. 

What, then, was probably that geological period in the northern Ural ? We 
cannot assert that it occurred shortly after the Permian era, nor even when 
any of the Secondaiy rocks were forming, since no golden debris is found even 
in any of the older Tertiary grits and sands which occur on the Siberian flank 
of that part of the chain. If, then, the Mammoth-Drift be the oldest mass of 
detritus in which the gold of this region occurs abundantly, we are led to believe 
that in this region the noble metal, carried up by igneous rocks, was only 
brought together into rich veins at comparatively recent periods. At the same 
time it is by no means improbable that, where the older rocks are flanked by 
Secondary deposits, particularly in the South-eastern flank of the Ural chain, 
where emptive diorites abound, the fragments of which contain gold, some of 
these may have been rendered to some extent auriferous after the accumulation 
of such Secondary strata, as to the south of the Lake of Aushkul (p. 454). 
In the sequel it will be shown that such operations have occurred during the 
Secondary periods in South America and California f. 

• 

* See the work on RuBsia and the Ural Moun- p. 473. the inference is thus stated Whether, 
tains, vol. i. p. 472 et »«q. therefore, we ju^e from the total absence of au- 

t In many instances gold is, I know, associated riferous matter in the ancient [Permian] conglo- 
in the same veinstone with other ores, — such as merates on the west, and in the Tertiary grits on 
silver, or argentiferous galena, and various ores the east, or from the absolute materials in the 
of copper and iron— magnetic iron being, in> whole series of regenerated deposit^ we conclude 
deed, a very fi^uent accompaniment, whilst the that the chain bc<»me [chiefly] auriferous during 
association with tin-stone has before been alluded the most recent disturbances by which it was 
ta Such occurrences do not invalidate, but affected, and that this took place when its highest 
strengthen, the view derived fri>m the phenomena peaks were thrown up, when the present water- 
in Ural Mountains; for as oopi>er- and iron* shed was established, and when the syenitio granite 
ores are frequently found in old conglomerates or and other comparatively recent igneous rodcs 

K bble-beds of Secondaiy age, and Hunpa of gold were erupted along its eastern edges.’'^ 

ve never been detected in them, I see no means The reader who wishes to have fuller informa- 
(ezplain the phenomena as we may) of evading tion on the subject of Uralian and Siberian gold 
the inference that no notable quantity of fmld-ore must consult Humboldt’s * Asie Centrale,’ and 
was ftMined in the Ural Mountains until the com- * Reise nach dem Ural,’ &c., by Humboldt, Rose, 
paratively recent epoch indicated in the text. In and Ehrenben, with the valuable minenU de- 
the work ‘ Russia and the Ural Mountains,’ vol. i. seription by M. Gustav Rose, various memoirs by 
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That the gold occurring in quartz-veins in the solid slate-rocks resulted 
from an internal igneous agency may well be suggested, if we judge firom the 
appearance which the strings and expansions of the metal indicate as they 
ramify through the chinks of the hard rock, or from the grains diffused in its 
mass. 

In viewing the widely attested fact that the upper portions of the auriferous 
veinstones are infinitely richer than the lower parts of the same, I am naturally 
led to favour the suggestion of Humboldt, that the formation of gold had some 
closer relation to or dependence upon the atmosphere than that of the baser metals 
lead, copper, and iron *. 

What I contend for, however, is, that, if it had been originally so diffiised in the 
matrix (which seems to be contradicted by the absence of any grain of gold in 
the original Uralian fragments which compose the Permian conglomerates), still 
the metal must have been formed into veins, geodes, and strings at a compa- 
ratively recent period, and, as I think, by igneous or hydrothermal action from 
beneath. 

Again, the fact is undeniable that, whei^ver the veinstones in the solid rock 
have not been ground down by denudation, and remain as testimonials of the 
original seat of the gold, the portions which have as yet proved to be the richest 
are those which are at or nearest the surface. Experience too, dearly bought 
in numberless instances, has taught the miner throughout long ages that 
as he follows the veinstones downwards by deep shafts into the body of the 
rock the gold diminishes in volume, so that in many cases the cost of ex- 
traction has been greater than the value of the metal. This simple f^t is 
a strong argument against the theory of the formation of gold by a simple 
aqueous solution, and is manifestly in favour of the igneous origin of the metal, 
in which I believe. 

The points which have been alluded to as drawn from personal observation 
in the Ural Mountains, are found to have a world-wide application in every 
tract which has been or is still auriferous. Thus the giant chain pf the Andes, 
which has for ages afforded much gold in its range through Chili, Peru, and 
Mexico, is essentially of the same composition, though phenomena discovered in 
South America and in California, since the last edition of this work appeared, 
have, ns will hereafter bo shown, modified the generalization. The Indiana, who 
lived in tracts adjacent to those slaty mountains, followed the simple process of 
picking the shining material from the gravel, sand, and shingle derived from the 
chain ; so that when the Spaniards, the best miners of the si.xteenth cent^, 
first colonized South America, they naturally inlVrred that, if ignorant natives 
could thus gather sufficient quantities of gold to roof the palaces of their sove- 
reigns, they, as skilful Europeans, might extract incn^dible quantities from the 
bowels of mountains the mere detritus of surfaces of which had contributed such 
a vast amount of gold. But, as surely as deep jnines frequently enriched the 
Spanish speculators who sought for copper and silver, so surely gold-mimng m 
the solid rock proved abortive t, owing to the slendtT doNvnward dissemination 
of gold in a hard and intractable matrix. 


Wplmersen and Hollinann in the ‘ Annuaire des 
Mir^B de B^Se,* and Adolf Erman'B 'HeiiK, um 
die Erde/ aa well a« an account of the genem 
diffuBion of gold and a yaluable gold-map of the 
world by that author. ^ « i. 

* The eminent metaUurgiut, Dr. Percy, however, 
who haa detected minute qtmntibes of gold in 
many lead-ores, ha» told me that he is di8i*o«<*d to 


believe that the precious metal may al*o have been 
thrown down by dejiowtion from an aqueoua me- 

^ t"lt has been too much the habit to underrate 
the capacity and skill of the old Spanish minem, 
though it is known from Humboldt that during 
the government of the monarchy in South Ame- 
rica many of their work« were well conducted ; 
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Ab the phenomena described are common to many countries, the accompany- 
ing diagram is annexed, to convey, as far as possible at one view, a popular idea 
of the chief conditions under which gold has been formed and afterwards distri- 
buted over the surface, so as to be profitably collected by mankind. At the same 
time, it is not to be accepted as an accurate view of the relations of the vein- 
stones to the strata in which they occur. 



a. Slaty rocks : the metamorphosed Paleozoic rocks, chiefly of Lower-Silurian age, 
now in the condition of talcoso, micaceous, chloritic, felspathic, or siliceous slates, tra- 
versed by igneous auriferous rocks {h) and auriferous veinstones, chiefly quartzose, c. 
Above their present dark-lined summits is seen a more lightly tinted outline ((f), 
which represents the condition of the auriferous ridges before their former tops wore 
subjected to abrasion, by which great heaps of drifted gravel (c, e) were transported 
from them, covering the adjacent slopes and filling up the gorges and depressions. 
The highest of tiiese Drifts constitute the * dry digfpngs ’ of the miner, — the lower 
heaps, in which streams meander, being the ‘ wet diggings.' As it is impossible to 
represent in one diagram all the conditions under which gold was originally formed in 
the rocks, I have merely selected the usual case of veinstones (r), the higher (de- 
stroyed) portions of which were richer than the veinstones deep in the solid rock. 


Gold of Australia , — The extraordinary quantity of gold which has been poured 
into Britain from her Australian Colonies during the last few years has been 
chiefly procured, like most of the gold in the other tracts described, from super- 
ficial accumulations of shingle, gravel, sand, and clay, derived from the wearing 
away of adjacent hard rocks, whether of aqueous or of igneous origin. 

Having, in the year 1844, recently returned from the auriferous Ural Moun- 
tains, I had the advantage of examining the numerous specimens collected by 
my friend Count Strzelecki along the eastern chain of Australia. Seeing the 
great similarity of the rocks of those two distant countries, I had little difficulty 
in drawing a parallel between them ; in doing which I was naturally struck by 
the circumstance that no gold had yet been found ” in the meridional Austra- 
lian ridge, which in anticipation I termed the ^ Cordillera ' *. Impressed with 


the Bnbaequcnt operations having been paralyzed 
chiefly by the political revolutions which have oc- 
curred in those countries. If the former trials of 
Spaniards to procure TOld with profit from deep 
mines in the solid rock, and which were proverbi- 
ally failures, do not satisfy living speculators, let 
me refer them to similar results in our day, and 
trials by our own countrymen. Among these, I 
would specially allude to the well-known mine of 
Guadalupe y Calvo, near Dunmgo in Mexico, 
worked 1^ British skill and owital, where, accord- 
i^ to inionnation 1 received from one of its ablest 
directors t^sy friend the late C!ol. Colquhoun, 
B.A.), the works, which afforded a moderate profit 
near the surfrtce, became less productive as the 
mine deepened, and finally failed altogether— the 
gold having thinned out, and its place being en- 


tirely taken by argentiferous galena. Bee Quar- 
terly Review, art ‘ Siberia and California,' vol. 
Ixx^i. p. 410. 

* The announcement that ^ no gold had yet 
been detected, which was printed in my Presi- 
dential Discourse, Trans. Roy. Gcogr. Boc. 1844, is 
the clearest proof of my ignorance of a trace of 
the metal having been discovered by any one. 
Some time after the practical opening out of the 
gold mines, however, facts transpired which were 
totally unknown to me when I ventured upon my 
comparison. Thus it impeared that Count Stne- 
leoki himself discovered traces of gold in 1839 ; 
but, on relating the fact to some friends and to 
the Governor of New South Wales, Sir G. Gipps, 
secrecy vras eqjoincd, and the Count never more 
reverts to the subject, not even in his own work 
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the conviction that gold would sooner or later be found in the great British 
colony, I leamt in 1846 with satisfaction that a specimen of the metal had been 
discovered. I thereupon encouraged the unemployed miners of Cornwall to 
emigrate and dig for gold, as they dug for tin in the gravel of their own district 
These notices were, as far as I know, the first printed documents relating to 
Australian gold. 

At that time California, inhabited only by pastoral Indians and a few mis- 
sionaries and Spanish herdsmen, was, it will be recollected, equally unknown to 
be auriferous. Its rich alluvial soil had not then been removed from the surface, 
and the accident at Sutter’s Mill, in 1847, had not exposed the gold in the gravel 
and shingle beneath it. \V e con still better understand how this should have 
been the case with regard to vast tracts of Australia, where similar mineral 
constants exist, but where, instead of a comparatively advanced people, like the 
Mexicans or Peruvians, a wretched race, incapable of appreciating the uses of 
the precious metals, had been for ages the sole inhabitants of a vast continent. 

Unwilling to offer what must be a very imperfect epitome of the distribution 
of gold in Australia, I may, however, be ptirniitted to say a few words on a 
subject to which I called the practical attention of my countiy^men for several 
successive years previous to the discovery of the gold-fields of that vast 
region. 

At or before that period, geological descriptions of various parts of Au- 
stralia had been published by Mitchell, Htrzelecki, Jukes, &c., without any 
allusion whatever to gold. The Kev. W. B. Clarke did, however, rouse the 
attention of the inhabitants of New South Wales in 1847 to the auriferous cha- 
racter of these rocks, and indicated, as I had previously done, their similarity to 
the rocks of the Ural Mountains, including the meridional direction of the two 
chains. This zealous geologist has since explored the largest range of its gold- 
bearing lands over upwards of six degrees of latitude, or from the Peel River on 
the north to the Australian Alps of Strzelecki on the south, where the watershed 
or Cordillera, rising in Mount Kosciusko to 6500 feet above the sea, trends south- 
eastwards into the province of Victoria. From this author, and from the vo- 
luminous details published for the use of the Houses of Parlialnont *, as afforded 
by Stutchbury and otliers, as "well as from the work of Mi*. Hargreaves t; who, 
in 1851, first proved the great value of Australian gold-mining, it was ascertained 
that the parallel I had drawn in 1844 between the rocks of the chain which I 
had termed the ‘ Australian Cordillera ’ and those of the Ural Mountains is 
well sustained J. Just as in Siberia, the greatest amount of gold is found in 


of It also appears that the Rev. W. C. Clarke 
wrote to a friend in the colon}' (IS 11), mentioning 
tinit he had found gold-ore ; but this eircumstanee 
remained as much unknovin to raysidf and all Eu- 
ropean men of science as the other. My views, 
whatever they may be worth, were therefore 
formed quite irrespectively of any BU« h proc*eed- 
ings, as tne following extract from a letter of my 
friend Count Strxeleeki to myself, received w hilst 
the first edition was passing through the press, 
amply testifies:— “Nothing can give me greater 
pleasure and comfort at any time than to bear 
my humble testimony to the inductive powers 
which you disjilayed on the occasion of vour pre- 
dictions in regard to the existenci* of gold in Au- 
stralia ; and consequently I can aifirm now, as I 
did, and do whenever a necessity oc-curs, that I 
never mentioned my discovery or supposed dis- 
covery of Australian gold to you, prior to your 
papers on the subject, nor aller tneir publica- 
tion.” 

Having disposed of other cases in the first edi- 


tion, I now simply aifirm that no one, whether in 
Britain or the colonies, had for several years 

S rinb'd anything on the auriferous characters of 
le Australian rocks excejit myself, and that my 
memoirs of lf*44, lM4o, and l«46 wo the earliest 
ublications relating to this subject. See note, 
rst page of this Chapter, for reference to all my 
works on this subjeei. 

* See * Blue Books ’ *' Relative to the Recent 
Discovery of dold in Australia,” presented to both 
UouHCH of Parharaent, 1852-53. For imr own 
connexion ofiBcially with this subject in 1848, see 
the Paiicrs on the same subject, presented August 
16, 185:i, i>. 43. 

t * Australia and its Gold-fields,' 1858. 

I Few circumstances have more gratified me 
than that several of the leading men of Kew 
South Wales (including Sir Charles Nicholson 
and Sir Stimrt Donaldson) should, on revisiting 
England, have testified publicly to the value whi^ 
was attached in New South Wales to my early 
comparison of that region with the Ural Moun- 
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heaps of d^bris^ or old alluvia, derived chiefly firom veinstones in old slaty rocks, 
and often adjacent to or associated with eruptive rocks, whether granites, por- 
phyries, or greenstones. I also assumed that the chief auriferous slaty rocks of 
Eastern Australia are of the same age as the central masses of the Ural, viz. 
Lower-Silurian, because, like them, they are overlain in parts by strata which 
contain Pentameri, Trilobites, and Corals, indicative of the Upper Silurian group. 
Many of these last have been identified by my friend Mr. Lonsdale, who con- 
siders some to be Upper Silurian, and others referable to the Carboniferous era. 
The shells, examined by Mr. Salter, confirm this conclusion ; and the Carbonife- 
rous strata, with European forms of life, appear to be clearly separable from the 
Devonian. Indeed the Lower Palaeozoic rocks are here followed by Devonian 
and Carboniferous strata. 

Whilst the most prolific sources in Australia seem to have been the quartzose 
veinstones which traverse the Silurian slaty rocks, we are further instructed that, 
as in the Ural Mountains, there are tracts wherein gold is diffused in small 
particles through the body of granitic rocks *, especially those (according to Mr. 
Clarke) which are hornblendic or syenitic : the limestones, however, in both 
countries are partially auriferous only. There is, besides, this striking coinci- 
dence between Australia and the Ural : both chains have a main ^meridional 
direction, the strike of the old slaty rocks and also of the chief gold-veins being 
from north to south. 

In respect to Victoria, which, of all the Australian Colonies, has proved to be 
much the most productive of gold the age of the slaty rocks containing the 
auriferous veins has been still more clearly determined. Mr. Alfred Selwyn 
the Director of the Geological Survey of the Colony, cites the occurrence of nu- 
merous Silurian fossils, including Trilobites, Graptolites (Didymograpsus &c.), 
and LingulsB, os described by Professor M^Coy. Mr. Selwyn has further re- 
cognized, in Victoria, gold-bearing superficial Drifts of three distinct stages, 
lying above each other, the lowest or oldest of them containing the remains of 
wood and seed-vessels differing little from the present vegetation. Even the cones 
of the Banksia, a tree still prevalent in Australia, have been brought home by 
Mr. lledaway from one of the bottom Drifts, and, being examined at my request, 
identified as such by the illustrious botanist the late Robert Brown, who first 
discovered and named the genus. A local distinction in these Tertiary gold-drifts 
or detrital beds of Victoria is, that they have been overflowed and even interlaced 
by basaltic coulees, which evidently proceeded from terrestrial volcanos, inas- 
much as the vegetable matter beneath them has been charred and destroyed in 
situ by the eruption. This phenomenon, first adverted to by Mr. Selwyn’ and Mr. 
H. Rosales, exhibits a strong analogy to what is seen in California §, Mexico, and 
South America. In all these countries igneous eruptions have burst forth on 


tains, and to mj prediction respeotinff the auri- 
ferous oharaoter or the Australian rooks. At the 
first Anniversary Dinner of the Australian Colo- 
nists fipom New South Wales, Victoria, South and 
ViTest Austra’ia, and Tasmania, which took place 
on the 26th of January 1858, Sir Charles Nicholson, 
formerly Sneaker of the House of Representatives, 
and also tne head of the University of Sydney, 
asserted, finom the Chair, that his brother-colonists 
agreed with him in the sentiments he expressed ; 
and this opinion he rM>eated at a public meeting 
in the Town Hall of Leeds, on the 29th of Sep- 
tembt'r 18,'>8. 

* Sec ‘ Russia and the Ural Mountains,' vol. i. 
p. 483, where it is stated, The fact is, then, that 
though gold has lirequently been, and is for the 


most part formed in quartsose and other veins 
which have either penc'trated or been separated 
from the mass of the slate formation (and of these 
the Ural affords countless examples), it has also 
been diffused in some tracts throughout the whole 
body of the rook, whether of igneous or of aqueous 
origin.” 

t One of the earliest notices of the gol^-flelds 
of Victoria is by Mr. O. H. Wathen, in wie Quart. 
Joum. Oeol. Soo. vol. ix. p. 74. 

I See a reference to the successful labours of 
this geologist in North Wales, p. 82. 

$ Mr. J. S. Wilson, who, after a residence in 
South Australia, passed three years as a gold- 
miner in the Sierra Nevada of California, com- 
municated a memoir on the auriferous rocks of 
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terrestnal surfaces, at periods posterior to those powerful subaqueous abrasions 
of the rocks which formed the chief masses of Drift •. Just as in the Ural 
Mountains (p. 466), these prold-drifts of Victoria, like others described by Mr. 
Clarke in New South Wales, contain the bones of extinct species of quadrupeds t * 
in these latter cases, however, the animals are peculiar to the Australian con- 
tinent. 

By consulting Mr. Selwyn's Reports, it will be found that he refers, as above 
stated, the auriferous Drifts to three periods of time, two of which he con- 
siders to be of Tertiary age, and the most recent of modem date and alluvial 
action. At first sight the reader might suppose that these data are in opposition 
to my previous statement, that Secondary and Tertiary rocks per se have not fur- 
nished gold ; but such is not the case ; for all I assert, particularly in re- 
ference to Australia, is, that no veinstones or original segregations of gold worthy 
of notice have been found in such Secondary or Tertiary rocks (certainly 
where they are imaltei’ed), but are chiefly confined to the Palaeozoic rocks, and 
especially to the Silurian and their associated igneous masses. The gold-drift 
which most prevails in Siberia, as in many other countries, is truly a Post- 
pliocene accumulation, being charged with the remains of extinct Mammalia. 
The data, however, which are here contributed by the researches of Mr. Selwyn 
are new to geologists, since they appear to indicate that one of the gold-drifts of 
Victoria is of Miocene age. Still it was one of those Drifts by the medium of 
which the gold was abstracted (by what I conceive to have been a powerful de- 
nudation) from the parent rock, just as in the subsequent or Post-pliocene time. 
The peculiar features of the successive distribution of the auriferous Drifts of 
Victoria are well explained by Mr. Selwyn J:, and have been beautifully illus- 
trated in his coloured maps and diagrams. 

The observations of Mr. John Phillips, a gentleman who, in the year 1847, 
called my attention to the existence of traces of gold in South Australia (in ac- 
cordance with my li}"pothesis), agree generally with those of Mr. Selwyn re- 
specting the rich detrital accumulations §. 

The local character of the gold -accumulation of the large Peel-River tract of 
Australia was closely examined by Mr. Odemheinier, who, uniting the practical 
habits of a German miner with an intimate knowledge of mineralogy, has shown 
that there the gold occurs in small quantities only. The thin auriferous quartz- 
veins lie usually in diorite; and he holds the opinion that the gold results 
from the decomposition of auriferous iron-pyrites dill’iised through hornblende- 
rock, syenite, porphyry, and breccia, as well as du)rite. Chromate of iron, 
hematite, and magnetic iron-ore, as w'ell as several precious stones, have been 
recognized in that region |1. • 


that repon to the Geol<^ir»l Society of London. 
From his own observarion and experience he af- 
firmed the fact of the don nward imjwveriBhment 
of gold-bi*aring quartz-veins, and he aemon8trat<‘d 
that the richest produce is essentially derived from 
loose su|>erficiar debris. 

* In addition to his determination of the age of 
the original gold-bearing r<K*ks, and the three 
derivative sediments into which he divides their 
detritus in Victoria, Mr. Selwyn thus writes to 
Prof. Kamsay “ A somewhat remarkable fact, in 
connexion with nearly all the CTeat granitic 
masses which I have examined, is that, although 
they invariably alter the slate-rocks near their 
junction and ei*nd veins into them, they do not in 
the slightest degree affect the general strike or 
dip of those bedfe, but appear to have themselves 
partaken o£ the movements which placed those 


Silurian strata in their highly inclined and con- 
torted jiositioDs, and gave iliem their very uniform 
meridional direetiem ” He adds, “There is very 
little slaty cleavage till ae get low down into the 
Llandeilo bi'ds.” 

t See Rev. W. B. Clarke, Quart. Joum. Geol. 
Boc. voL xi. p. 40.^>, where much information is 
brought together by the author. 

? Bee Quart. Joum. Geol. Soc. vol. x. p. 29fl; 
vol. xiv. p. Mii. 

$ See also Rosales on gold-drift below basalt, 
&c., Quart. Joum. Geol. Boc. voL xi. p. 397, also 
the vol. xiv., including valuable notes and me- 
moirs by Mr. Selwyn, Mr. Phillips, Mr. Redaway, 
and Mr. Rosales. 

ji Bee Quart. Joum. Geol. Soc. vol xi. p. .399; 
and vol. xii. p. 287 ; also a ftaper on Australion 
Gems, by Mr. G. M. Stephen, loid. vol. x. p. 303. 
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The public of Australia have also, through the Keports of the Mining Commis*- 
sioners of Victoria, Professor M^Coy, Mr. Selwyn, and other gentlemen *, been 
made acquainted with the manner in which gold chiefly occurs in the original 
quartz-yeins of the Lower Silurian rocks, whether they be in the proximity of 
granite or diflused in the gravel derived from such roclu. 

While these Reports extended very largely the areas over which it is reason- 
ably inferred that the golden detritus will be found to extend, whether in de- 
pressions or on the slopes of tho old slaty Silurian rocks (an extent which can 
only be precisely measured off when adequate geographical maps shall have been 
prepared), the Commissioners pointed out the reckless and ignorant manner in 
which many speculators were sinking shafts in proximity to each other in the so- 
called * quartz-reefs,* and often missing the vein, — ^whilst one successful shaft 
sunk in the right direction, with on adit, would serve the purposes of several 
proprietors. 

They also showed that the evidence given before a select committee of the 
House of Legislature had been sustained, to the effect that auriferous drifts 
must from their very nature be quickly worked out in any one spot.*’ The Com- 
missioners added that they hod taken great pains to investigate these points on 
the gold-fields, and the result had been the most complete confirmation of the 
evidence alluded to. Some of the old alluvial gold-fields, in full prosperity 
when that evidence was given, were comparatively deserted when the last edi- 
tion of this work appeared; and there can no longer be any difference of opinion 
respecting that class of drifted gold-deposits. 

With regard to the evidence touching the yield of gold from deep mining into 
the * quartz-reefs,’ concerning which there was the greatest scepticism, the same 
result seemed at first to follow the local inquiries of these Commissioners, who, 
in a Report signed by their Chairman, said that experience in every country 
had proved that the yield of gold decreases with tlie depth where mining in 
the solid rock had been attempted. An enumeration by name was indeed made 
of several working shafts which had been abandoned in consequence of finding 
the gold diminish downwards, — in some cases at a few feet only, in others 
ceasing entirely, and, again, in a third class continuing downwards in small 
quantities to about 800 feet. It was then concluded that enough had been stated 
to \iudicate the scientific inference that deep mining in the solid quartz-rock is 
for the most part unprofitable, — a conclusion which was in unison with my 
opinion founded on knowledge derived from other gold-countries, as published 
many years before gold was worked in Victoria: this opinion was again ex- 
pressed in the first edition of ^ Siluria’t. 

The knowledge, however, which I subsequently obtained, induced me to modify 
that view, and particularly as respects the Colony of Victoria. In 1858 I 
was made acquainted with the opinion of Sir H. Barkly, then the Governor 
of the Colony, as based upon extensive inquiries and personal observation, 
which went to show that a much greater supply was then derived from mining 
in the * quartz-reefs ’ than I had supposed to be the case. Again, copies of 
other Despatches from Sir H. Barklj', with Repoiis from Mr. Selwyn, accom- 
panied by coloured geological maps and sections prepared by that able geologist, 
whose obsen^ations extend over many years, have led me to think that, if the 

^ See Report to the BurTe;for-Q-eneral and the sparsely disseminated than in higher parts of the 
C^ef Secretary on the Mining Resources of the same veinstones. It is believed that much gold 
Colony of Victoria. 1856-7, &c. in old detrital accumulations will yet be found 

tit hM recently been found nrofltablc to ex- under the basaltic coverings of certain tracts, both 
tract gold at some spots from the veinstones at in Australia and Caliform^— Januaiy 1867. 
greater depths ; but the gold is more finely and 
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quartz-reefe yet untouched should proye as rich as seyeial which are now yield- 
ing £ur profits to the miner, the future supply of gold from Victoria will be much 
more durable than that derived from any other known auriferous country, 
In fact Victoria is, as far as I know, the richest gold-country of which history 
records an example, whether we look to the very wide diffusion of the auriferous 
ddbris of difierent ages, which Mr. Selwyn estimates to be spread over 10,000 
square miles^ or to the quartz-veins in the slaty Silurian rocks, which, by the 
improved processes of crushing, are forced to yield a supply which could not 
have been obtained by any of the old methods of extraction (see note, p. 461 ). 

Mr. Selwyn has satisfied himself that the gold-quortz-veins of Victoria are 
confined to rocks belonging to my original Lower Silurian * division in ascend- 
ing from the Llandeilo fonuatioii to iliose strata, charged with Pentameri, now 
termed Llandovery rocks. “ In every part of the colony,” says he, where such 
rocks appear on the surface, they are intersected almost invariably in a me- 
ridional direction by quartz-veins, from the thickness of a thread to the di- 
mensions of 10 or 15 feet, and in mar\'ellous abundance. Not one per cent, of 
these * quartz-reefs ’ has as yet been touched by the miner ; and therefore the 
chief evidence wo have at present of their containing gold is in the richly auri- 
ferous and widely spread Tertiary deposits [Drifts] which everywhere accompany 
them, and which have undoubtedly been derived from their preexisting upper 
surfaces.” 

In his higiily instructive notes on the Physical Geology and Mineralogy of 
Victoria, publishfid in I 80 f», Mr. Selwyn definitely tolls us that gold occurs 
mainly in the quartz-reefs of the Lower and Upper Silurian rocks, and in the 
detrital accumulations of the Upper Tertiary ‘ cement ’ and Drift-deposits, which 
owe their origin to the abrasion and denudation of the former*. Gold, how- 
ever, is found occasionally (he siates) in sandstone, slate, grknite, and diorite. 
This author admits the axiom I had laid dowm in former editions of this work, 
that, “ although exceptions are known, it is by most quartz-miners acknowledged, 
so to speak, os a rule, that the gold becomes finer and finer, and more intimately 
mixed with the quartz and pyrites, the deeper the reefs are worked.” In other 
words, the larger lumps are always nearest to the surface of the veinstone. The 
allurial or drifted gold is said to be generally of finer quality than the ^ reef gold,’ 
though the derivation of the former can usually be distinctly traced to adjacent 
quartz-reefe. Mr. Selwyn propounded an ingenious theory to explain this su- 
periority in the quality of the nuggets in the alluvial gold. He suggested that 
" particles of alluvial gold may gradually increase in size through the deposition 
of metallic gold (analogous to the electro-plating process) from the meteoric 
waters which circulate through the Drifts, and which must have been during the 
time of our extensive basaltic eruptions, of a thermal, and probably highly saline, 
character, favourable to their carrying gold in solution.” This theory has to some 
extent been sustained by Mr. Daintree’s discovery that wherever woody matter 
(and it is frequent) is in the Drift, the iron-pyrites in cavities of the wood is auri- 
ferous; whilst Mr. Wilkinson has shown by experiment that a nucleus of gold im- 
mersed in a weak solution of chloride of gold does receive notable accessions in size 
when any vegetable substance is introduced into the liquid ; but as Mr. Selwyn 
candidly admits there are still many doubtful points respecting this phenomenon 
to be cleared up, I prefer to remain in my old belief, that the large nuggets found 
in the Drift are simply the reliquiie of the chief masses of gold which once occu- 
pied the uppermost parts of the reefs, and that, like the blocks of many an an- 

^ Note! on the Phymoal Geography, Geology, and Mineralogy of Victoria, 186S^ p. 44. 
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(dent conglomerate^ tbey have been swept from the hill-tops into adjacent 
yalleys by former great rushes of water. In a country like Australia^ which; in 
the later Pliocene period, it is believed, must have been covered by broad sheets 
of water, and at the same time replete with evidences of intense volcanic action 
posterior to the formation of gold, we can well imagine that such evolutions 
may well have been accompanied by rushes of water having great translating- 
power. 

The opinions of such a geologist as Mr. Selwyn, with extensive experience in 
Britain and Australia *, on the gold-veins and detritus of regions which he has 
sedulously explored during many years, have had great weight with me, and in- 
duced me to modify in the second edition an opinion expressed in the first edi- 
tion of this work. But, whilst gold-mining dowmw’ards to comparatively small 
depths in the solid veinstones of Victoria may for some years be a profitable 
business, it by no means follows that adequate profit is there to be maintained 
at very great depths. The continuous working of deep mines (the law of the 
downward impoverishment of the metal being admitted) must depend upon 
the cost of extraction. Thus, in Transylvania and Hungary^ where the gold 
was formerly visible near the surface, the low er portions of the same veinstones 
now worked afford a very iiiinute quantity only of gold, w'hich (acording to 
Warington Smyth) would not be worth extraction but for the agency of power- 
ful crushing-mills and the veiy’ low wages of tlie miners. 

AfUr showing that the vast areas of granite w hich in Victoria have been pro- 
truded through those old straiifit'd auriferous rocks have had no influence upon 
their meridional ( north and 8<»uth )direction,or upon their \ipht‘aval and contortion, 
and stating his Ixdiof that th(‘ cracks and fis8ure.s in w’hich th(‘ gold-quartz-reefs 
occur have not Ix'en mineralized by any process diflt^rent from that w’hich has 
operated in other mineral viunstones, Mr.Sflw’vn remarks that, “ although no very 
reliable evid(*nct‘ exists of their inci*easing downwards veiy greatly in richness, 
neither is there any evidence whnl4*ver in Vict(»riR w hich would enable us to state 
that any vein rich at tln» surface will die out or suddtmly become unprofitable.” 

** Thert^ is undoubtedly good evidence,'’ he adds, “ that those upper portions 
of the gold-quartz- veins wdiieh have been naturally removed by denudation, and 
now fonn the gold-drifts, w’ere often far richer than any we now find at the 
surface ; but in drawing conclusions from this evidence we should not forget 
that in all probability many hundreds of vertical feet of quartz-veins have been 
thus naturally broken up, crushed, and w ashed ; and the fact of the veins (so 
abradinl) l)eing still frequently very rich on their presimt surface goes far, I 
think, to prove tliat the diminution of yield in depth, even though admitted to 
be true on a largtj scale, is still so slow' as not to be appreciable within any 
depth to W’hich oniinary mining-operations an* carried.” 

Giving several illustrations continiiatory of his views, and sho>ving that the 
deepest shaft in which a quartz -vein was pn>ved productive reaches to 400 feet, 
Mr. Selw’yn concludes by expn«sing his opinion “ that the extraction of gold 
fit>m quortz-reiTs, if propi'rly <H>nductt'd, may ho n‘garded as an occupation 
which will prove as pemianently profitable in Victoria as tin- and copper- 
mining have liH»en in Great Britain ”t. 

• It girr* me gr«*iit pl««8ur<> t<» that Mr. t It mar te hert* mentioned that the eold>flelda 

Balwym who haa fo well ex^'Uled the im^xartMt of Victoria have afforded tin. a mineral unknown 
task confidml to him, ia a acion of Uie GeoUigical in Huaaia, which i» found not only in the fenrm 
Burrey of the Britiah laltw, who greatly dtatin* aand. but aleo in amall lnm|>» and highlr coloured 
gaialnra himtrlf in elaborating the diffitnilt rela* crratala The rt'adcr who w lahea to ofsain a 
Goal of the dillbrent momben of the Btlurian and ne'ral new of the moat imiHUtant of the Australi^ 
aaMwiakd igueont rooka in North Walea in com* gold>digginga. and acquire an lurieht into the 
pany wMl P ro f aia or Samaaj and othem ateCaatioa and aoctal cotiditton of the wooderftil 
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In bowing to the reasoning of a sound geologist, who has so carefully explored 
our most auriferous Colony, and in modifying my former suggestion respecting 
the profitless nature of mu< h gold-mining in the solid rocks of Victoria, I still 
adhere to the belief that, in g^Mieral, gold-veins diminish much in value as they 
descend ; and I cannot but think that evtm Victoria affords clear indications of 
this phenomenon, inasmuch as all the hugt' imggi'ts of gold have there been 
found in Drift derived from the uppt'r portion of the rocks. I have indeed yet 
to learn that any large lump of goi<! has In^on detected in the numerous quartz- 
reefs now worked in Colifoniia or Vietoriii. In all thtw, as I learn, the gold is 
disseminated downwards in small irmins only *. I am informed by Mr. 1). Forbes 
that the same law exi.^ts tlmiughiuit South America ; luid according to Mr. Belt 
this is also the cas<' in Nova Scotia. 

One of the most striking examples of successful mining in qunrtz-reofs was 
given in a Report of Mr. Sehvvii upon the (Mimes Quartz-mining-field, about 
twenty miles north of Ballaanst, and in the occupation of the I*ort Phillip Com- 
pany. Then' it ap]x*nrs tliat four thin quarfz-vt'ins, trending from north to 
south, and ninnlmr )wrall**l t«> eneli other and to the strata, plungt' eastwni'ds in 
eonfonnity with the strata of the Lower Silurian rock in which tliey lie, and at 
a high angle, near the side of a hill, .-^o that the siuall width of the vt'incd ground, 
from West to east, is etisily tniverseil by ailits from the low(*r sloping side of the 
hill. An ahimdanee nf wal« r, and e\t*ry facility for working by means of levels, 
h>getlu r with the |Mwitinn of the xein.'*, present a coinhination of circumstances, 
as Mr. Sdwyn (»h.‘.er\* s, rarely met with in connexion witli quart /.-veins, and 
one which will emibh' lhefu‘ reefs to be worked fur more profitably, and at 
gn*ater depths, than many others in the (Ndoiiy of Victoria, From recent 
accounts it would nppinir tliat in working drmiiwards (‘ven these quartz-reefs or 
lodes an^ n(»w found to be Ic.ss rich in gold. 

In thus modifying a portion (»f my view’s, I readily ailmit that, inasmuch as 
the bri»ken or drifted gold of Victoria has exc4*eded anything of which wo have a 
rec<uxl in historx', so it is a fair infenmee that the quartz-reefs in the solid rock 
of the same C<»lony, from the higher parts of whicli the richest drifted materials 
wert* derived, may prove more remunerative than thorn* of most other countries. 

Looking, however, at the Australian phenomena on a broad scale, there arc 
no essential distinctions between them and the geological relations of gold in 
the Old World and in Amerieu. 

The greatest .sources of wealth there, as elsewhcjre, are tliosc? depressions which 
have been filled, or slopt-s wdiich have been strew’ed over, with debris from the 
mountains, w'hether coarst* j)r fine. The outlines and depilis of all these dctrital 
heaps are ascertainable, and the period of their exhausti«>n may therefore bo 


Coionr of Viftoria, ehoiild p<*rua»* th«* work* of 
Mr. W <^f;arth and Mr. XVatru*n An r< ffnrtU pro- 
duce up to a r'frtain period, alw; Drlfiiw, 
Aiin&lt*a dfi Mmea, %6t f). toro. ni p. 

Thr tmr chronudiT, howeT«?r, of all tht* aunfi-roua 
returns must refer to the flJea of th»* Vu-torian 
lewspapem, t>arti(*alarlj the Melhoume * Arjfua.’ 
In thia work 1 crannot fnt<*r into di tails n - 
i*tinig the osr illationa in the amount of aold- 
du«<e in Auatralia. These must f>e aoiij^nt in 
t * Arij'ua' and other Victorian newBj*a|>ers, and 
kablj ID Dickers's * Mining; Hccord.’ In the lat- 
iT we And an aeooont of much newly diMvivered 
prift-gold near Ballarat, under the tmaaltic cou- 
ioa. In it also. May 2H, ISM, there is an acvoiint 
f syrry productive deep mine at Butter Creek in 
aunk by Mr. Hayward to a depth of 


|2<¥i fe« t, and which is aftitl to prove that the 
veinstone eontinueN to he nt hlv aunferona. It ia, 
Inmever, to Vm- iindersUiod that this shaft has been 
sunk alonffside n wall of ipraniO*. 

• Bubsequent to the large lump, weighing ap- 
wnrds of 1 1.*^ lb., enlJed the * Blsni'h Bariily Nug- 
get,' note, i» AfS), Wing exhumed, another 
mass was found at Ballaarat, wetehlng more 
than 1 "4 lb ' N ow, as thee«> and all the large 
niiggetH (Hi’ur low down in Drifts, the facta seem 
strikingly to confirm my view, that the higher 
]>ortions of the vcinatones, or those first abraded, 
aflVirdwl mnss**M of gold much larger and richer 
than thfMH' finer filaments and grama which, de> 
ritetl from /orer parts of the veinatone, are lodged 
in the epper detritus. 
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dent conglomerate, they have been swept from the hill-tops into adjacent 
valleys by former great rushes of water. In a country like Australia, which, in 
the later Pliocene period, it is believed, must have been covered by broad sheets 
of water, and at the same time replete with evidences of intense volcanic action 
posterior to the formation of gold, we can well imagine that such evolutions 
may well have lieon accompanied by rushes of water having great translating- 
powor. 

The opinions of such a geologist as Mr. Relwyn, with extensive experience in 
Britain and Australia *, on the gold-veins and detritus of regions which he hat 
sedulously explonni during many years, have had great weight with me, and in- 
duced me to modify in the wicond edition an opinion expressed in the first edi- 
tion of this work. Bui, whilst gold-mining downwards to comparatively small 
depths in the solid veinsUmf^s of ^^ictoria may for some years be a profitable 
business, it by no means follows that ad(*quat(* profit is there* to be maintained 
at very great depths. The continuous wwking of deep mines (the law of the 
downward iiiipoveriMhin<*nt of the metal )s*ing admitted) must depend upon 
the cost of extnu'tion. Thus, in Transylvania and Ilungaiy, when* the gold 
was formerly visible near the surface, the lo%ver p(»rtions of the same veinstones 
now w’orke<l afibrd a very minute quantity only of gold, which (acording to 
Waringttui Smyth ) would not he* worth extmciion hut for the agency of power- 
ful crushing-mills and the very low wages of tlu* iniiit‘rs. 

After shownng that the vast areas of granite* which in Victoria have lH‘en pro- 
truded through thoM(* old stratified auriferous na ks hn\e had no influence upon 
their meridional ( north and south )direetion,or upon th(‘ir upheaval and C(»ntortion, 
and stating his lM*li(*f that Hit* cracks ami tissureh in which the gold-quartz-nH*fs 
occur have not b<‘en miiieriiliz«Hl by any process difien*ut from that which has 
OpcraUnl in either tnin<*rul veinstones, Mr.SeKvyn remarks that, “ although no very* 
reliable evidence exists of their inereusing <lowuwanls very greatly in richness, 
neither is tlu'n* any e\idence what4‘^e^ in N'icloria which would enable us to state 
that any vtdn rich at the surface will die oui or smldeiily lK‘Come unprofitable.** 

“Then* is undoubtodly good evidence*, ’’ he adds, “tluit those upjx*r |K>rtioiis 
of the gold-quartz-^eiIls which liave bt‘en naturally n*inoved by denudation, and 
now fonu the gold-driftj4, wert* <iften far richer than any we now find at the 
surface ; but in drawing conclusions from this evidt*nce we should not forget 
that in all probability many hundrtnls of vertical ftn't of quartz-veins have b^n 
thus naturally broken up, crushed, and washed ; luid the fact of the veins (so 
abraded) lK*ing still fn*quently very rich on their prcs<‘nt surface gOi*s far, I 
think, to prove tliat the dimiimtiou of yield in depth, even though admitu*d to 
be true on a largti scale, is still so slow as not to be Rppn*ciable within any 
depth to w^hich ordinary ininiug-ojH^rations are carriiHi." 

(living several illustrations ennfinnatorv of his \iews, and showing that the 


diM^^H^st shaft in wdiich a quartz-vein was pmved productive reaches to 400 feet, 
Mr. Selwwn concludes by expniasing his opinion “ that the extraction of gold 
frtmt quarlx-rtH'fs, if properly condnet^'d. may bt* it*garded as an occupation 
which will prove as pennanently }in>fitable in VicUiria as tin- and coppor^^ 
mining have bt*en in Ort*at Britain*’t. > 


* ft ftTr« m<» ffiVAt pl<HUiurt* U% lyfltH't that Mr 
Arlwri). wb<( hat ao wrtl ortH'Uttn) tlir im|«ortant 
laak conadrxt to him, i» a acton of Uic GtHtlog^ical 

Bwrrrr of the British lalca, who grrcatlT distjn* 
mishit hUnaelf in cUbontttnf the ditti^t rcla' 
Qom of the diflRM<««kt mrmb«r* of the Bilaruui and 
MMMiialcd hpKKwa rocka ia North Wains in com* 
rsMU wlWh rro i ii osor Bsmiy sad othors. 


1 It may h«* here mentiont^d that the (fold- kclds 
of Vu^<ina hmw alTordcd tin, a mincraJ uokaoww 
in Rusaia. which is fi>ui»d nt>t onlr in the fiirm of 


sand, hut also tu small ltun|^ and hijfhJr coloured 
crystals The reader who w ishcs to twain a ^ 
ncral new of the most imiKiftani of the AusCrsluui 
fold-diffings. and acquire an in«chl into the 
sCatistMa aad social oonditioa of the woadrrfhl 
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In bowing to the reasoning of n s<^und geologist; who has so carefully explored 
our most auriferous Colony, and in modifying my former suggestion respecting 
the profitless nature of much L'old-inining in the .solid rock.s of Victoria, I still 
adhere to the belief that, in general, gold-veins diniiuish much in value as they 
descend ; and I cannot but think that even Victoria aftbrds clear indications of 
this phenomenon, inasmuch as all the hugt' miggi'ts of gold have there been 
found in Grift derived from the upp<'r ptirtion of the rocks. I have indeed yet 
to learn that any large lump of gold has In'en detected in the numerous quartz- 
reefe now worked in California or Victoria. In all these, as I leam, the gold is 
disseminated dowuwani.s in small grains only *. I am informed by Mr. G. Forbes 
that the same law exists throughotu South America ; and according to Mr. Belt 
this is also the cast' in No\a Scotia, 

One of the most striking t'xnmples cf successful mining in quartz-reefs was 
given in a Uep«)rt of Mr. Sehwn upon the ('bines (^uartz-miuing-field, about 
twenty miles north of Hallaarat, and in the ocTiqwitiou of tht' Port Phillip Com- 
pany. There it app4*ars that four thin quartz-vtuus, trending from north to 
south, and running pnralbd to »'ach otlu'r and to the strata, plunge eastwaixls in 
conf<»miity with the .strata of the Lower Silurian rm^k in whicdi they lie, and at 
a high anj^'le, near tlie side f>f a hill, .so that the siiuill width of the veined ground, 
from west to east, is I'asily tnivcrsed by adits from the lowi'r sloping side of the 
hill. .\n almiidaiKv of water, and I'verv facility f(»r working by means of levels, 
together with thi' p(tsition nf the \eins, present a ccjiiibination of circumstances, 
as Mr. .Stdwyn observes, rarely met with in connexion with quartz-veins, and 
one which will enable these reefs to he xvorked far more profitably, and at 
gn*ater depths, than many others in the ('»»lony of Victoria. From recent 
aocounfi* it W(mld appear that in working downwards (wen these quartz-rc'efs or 
lodes are ikjw fi)und to he less rich in gold. 

In thus iiKKlifying a portion of my vh'W's, I readily admit that, inasmuch as 
the broken or drifted gold of N’ictoria has excei'ded anything of w’hich we have a 
r«*cord in histiuy, so it is a fair inference that the qmu*tz-reefH in the solid rock 
of the .same (’olony, from tlie hig-lier parts of wdiich the richest drifted materials 
were derived, may prove more r(‘mnnerative than tho.m* of most other countries. 

looking, however, at the Australian phenomena on a broad scale, there are 
no esst'ntial distinctions ls*tween them and the gcrological relations of gold in 
the < )ld World and in America. 

The gn*atest sources of w'(*alth there, as elsewhere, are those depressions which 
have been fillf*d, or sIo]m*« wliich have been strewed with d<5bris from the 
mountains, whether course- or fine. The outlines and depths of all these detrital 
heaps are ascertainabh*, and the period of their exluiustion may therefore bo 


Colonr of Vit-ton*. •houhl intum* work* of 
Mr WVft^rth and Mr. Watk^n Aj pro- 

duce up to ft certain prnoit. «M-e nlw> Del*-**.-, 
Annalen det Mine*. tom, m y. 

Thr true chronK ler, h<»wev« r, of all the aunferous 
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^te«-ling the oa> illation* m the amount of uold- 
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the ‘Argus’ ami other Victorian m‘ii*|ia|>era, and 
iioubly in Dicken'a ‘ Mining Re<v,rit' In the lat- 
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atm verr productive deep oiiiir at Sutter Creek in 
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12f)0 feet, and whu h t« naid to prove that the 
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•unk alongmde a wall of ^franite. 

■ Sulniequent to the lar»{e lump, weighing up- 
ward* of ll.’i lb., ••alleil the * Blaneh Hanily nug- 
get,' fR<-e note, p tMung exhumed, another 
iiiaMN wa* found at Ballaarat. weighing more 
than 1"4 lb ! Now, aa theM* and nil tne largo 
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eaiimated approximatelj. It matters nothing to the statist whether the richest 
portions of these golden Drifts, or accumulations of broken materials, were for 
the most part i^nregated b}* causes now no longer in action, which power- 
fuUj abraded the surface of the hills (as explained in the previous pages, and 
particularly in the diagram, p. 400), or whether the diurnal atmospheric action 
for thousands of years has also been an effective agent. Both causes have 
unquestionably contributed to spread out and render more accessible a ma- 
terial the search after which in the solid rock is attended with much more 
difficulty. 

In the meantime a basis of all such researches and inquiries into the pro- 
bable amount of the drift-gold must be provided by good geographical surveys 
of the auriferous countries of Australia, as completing the work commenced by 
the late Sir Mitchell and his associates. On that important groundwork, 
geologists may record all progressive ob8t‘r\ ation8 respecting a region formerly 
almost exclusively pastoral, but which suddenly became a great and populous 
centre of commerce through the development of its prolific gold-fields. 

In this (Jhnpt^ir I have abstainc^d from alluding to many tracts more or less 
auriferous, and some ri(!h in pr<Kiuce, which come under the same laws of dis- 
trihution as those doscribt‘d in the U*xt. Such, for example, an? the phenomena 
of the southern provinces of the I'nited States (South Carolina &c.). 

In Canmla it was ]ir(»ved, some years ago, that, bijsides the occurrence of 
native gold in the l)rift-d<*p()sits, the metal also occurred in qiiartzose and 
metalliferous veins or lodes traversing Ix)wer Silurian strata (the Quebec Group) 
os well as beds at St. Francis on the (’haudi^^n?, supposed to be of Upper-Silu- 
rian ug(*. 

'Phe HuppoHitiou put forward by the (♦(‘©logical Sunev of Canada (Report, 
iHtk't, p. filO), “ that the pn'cious metal was <*riginally dep(»sited in the beds of 
various wnlimentarv rocks, such as slates, quart zit(‘8, and limt'stones, and that by 
a subs(>qu<‘nt process it liiw been in some instance's accumulated in the veins 
which inU’rs(*ct these* rocks,” does not appear to be sullicieiitly supported by the 
cvid<*nce produc(*d ; for no attempt is iiuide t<» pro^e that th(‘se strata ever con- 
tain gold, except at the points of iiitersi'c’tion wh(*r(‘ these uietallie veins traverse 
them, and thi»se veins may fairly be suppos(‘d to bring in the gold in question. 
I'his would also a])p(*ar to Ik* the east* in the vejy* rt>cent discoveries of gold in the 
I.<aur(M)tian roeks in the county of Hastings, at the Richardson's mine, which, 
from (h(* descriptions of Mr, 8t(*rry Hunt and Mr. Michel (and specially of the 
latter, who inspected the ground), appt'ors to have bt'tui sunk upon a vein of 
dmuiipogt'd pyriU»s containing fragments of an anthracitic mineral, also in a 
crumbling, dt'composed state *, and containing particles of gold disseminated 
through its substance. The ochreous or earthy matter and oxide of iron are 
deri>ed evidently from the dmnujiosition of the pyritea. whilst the ferruginous 
bitterspar may a stvondary pnxiuct of aqueous action on the neighbouring 
rock, which is stated to be cbloritic. That the gold ch^cuts in the lode itself, 
and not in tbe strata, is inferred fn^m the luialysis made by Mr. Michel, who 
states that he found no trace of gtdd in the rock, except in one case, in imme- 
diate contact with the auriferous U*de. 

The discovery of gold (Ui the Frazer River, in British Columbia, was quite to 
have lieen expectixl, as the ridgt's betw»H»n which that river and its affluents 
flow are simply prolongadous of the auriferous chains of California, which are 

* AnthrmoUf* i» frtniUfnUT fouial in cUl mch nodult‘C nre gcneimUr in a dtfcomponrd 

or nudulco in tho fnuKlr mid mHallgonmit tpiii* no u to crombk uito poniirr upon llie l«Mt 

of Norwny oad 8w«doB. la thr fimailrn of Aivn* ivrvMure ot tiie Safera. 
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(in great part, at least) of Paleozoic age. That a large portion of the northera- 
most Rocky Mountains, both British and lately Russian, will prove to be auri- 
ferous is indeed to be inferred by the discoveries in British Columbia. 

Rocks of Lower Silurian age in] Nova Scotia have already yielded a notable 
quantity of gold. It is in the veins traversing the slates and quartzites, and 
usually coinciding with the strike of the contjuning beds, just as in Australia. 
The manner in which these reins conform to the flexures of the beds, as in the 
curious deposits known as * bnmd-quartz,* indicates that they are of the nature 
of segregative veins, and cotcmporaneous with the disturbance of the beds. 
This view is corrolH^rated by the occurrence of rolled pieces of the auriferous 
quartz in the I^wer Carbonifer<^u}* conglomerate (llortt), while the alteration 
and disturbance of the nurifen>ut< r(»ckj* themselves are connecUd with outbursts 
of granite. The gold of Nova Seotin is it'^soidatod with mispickel, copper-pyrites, 
galena, and blende. Some of the mines have p^metrated to a depth of 2^ feet, 
and are veir pnxluctive, though their capabilities are by no means perfectly 
tested. 'Fhe yield of gold in bStiS was 24,8(57 ounces, according to the Report 
of the CommisMioner of Mines. 

Recent discoveries in South America and California have led me to modify, 
to a certain ♦*xt<*nt, as hefon* said, my pre\ ions opinion concerning the rocks con- 
taining giild. Yet, after the explanation 1 am about to give, it will be perceived 
that the newer data do not es.Hentially interfere with the general conclusion at 
which I formerly arrived. In tht* year iHtK), Mr. Ihivid Forbes pointed out that 
eruptive masses of auriferous di<»rit**H and greenstones (rocks ciunpostd of felspar 
with hornblende, but devoid of ([uartz as a normal constituent) liad caused the 
introduction of metalliferoiiH veins or lodes containing g(dd * into the neigh- 
bouring strata of Secondary age, and, to a small exUuit, impregnated with gold 
the beds through which they hnd penetrated— strata which in their normal 
state were entirely devoid of gold t. Kxhmding his obsenations in subsequent 
vears, the same intelligent and perse\ering explort*r sbow'ed, by observations in 
Chili, Peru, and Bolivia, that gold hail made its appearance in the crust of the 
earth at two distinct periiwls, and in both thn»ug)i igneous agency f. ^J'he oldest 
he rt‘ferred to the protrusion of graniu* amongst the ancient deposits, the younger 
to the eruptiiuis of diorite or greenstone, w’hich he found had been intruded 
into and allected nnks of the > oiinger ( hditic peri«>d §. To whaU^ver extent this 
view may be found to acconl with obHer\ alions in other parts of the world, I 
may here remark that, as regards this comparatively recent apparanee of gold 
(geologically sp<*akingi, the observation of .Mr. Forls-s is quite in accordance with 
the phenomena r«*corded by myself and my companions in desenhing the struc- 
ture of the I'nd Mountains H. In that rcyion, as already stated, we had tho 
clearest evidence that the Silurian and other Palceozoic formations of the chain, 
np to the (7arbuuiferou*« inclusive, had not b4M*n impregnated with gold, as already 
stated, when the Permian congh^nierates and sandstones ( which had bt*eu derived 
exclusively from all the Palieozoir, metamorjihic, and igneous rm-ks of tho8(5 moun- 
tains) were accumulated ; for, although abundantly charged w ith inm and cop^ter- 
ores, these Permian deposits afforded no detritus of gold througb^)ut a length of 


i • Dmnriik. in hi* feolofncnJ obnrrmtion* oo 
Sooth Amrrica, 1 MS, p. 33S, mmUona ioci<l«*nUllj 
that in Chill fold mml «>p|icr-orif ar«- found o*- 
frth^r in thr |<jiphTT 7 -<<Hizloii»«*r»tr« at (^^liliote 
j and at tb#* latt«'r placw aiao in gret-n- 

^ •tom*, and fturthc>r remarka that a aimiiar or^nir- 
Irrnoe cdgold in copHt-r-orra la arm at Loa liumoa, 
jnofth’faat of lllaiirl, and in thr rii>*llatn rmngr 
jin mctamofphoara atrata, prohablr Int«r than the 
igjrpaeooa or Keoconuan formation. 


t QuarUrlT J rsimal of th« Geological Mocietj, 
Tol. avii. p. .'il Iw. 

I Kr|>ort of British Aasociation, 1SS.V, Trans, of 
Be«’tiot»s, p. W. 

i 1 n a communication to the * G^ogical Maga> 
*inr,' Tol. III. hrpt. Mr Forbes tfxpresaes Tiia 
brlirf ID the g«*neral application of these riewa to 
all of the world. 

f Her * RuMiia>iD-£urope and the Ural Moun- 
tains,’ sol. 1. p. 47&. 
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not leM 400 miles^ and oTcr an area larger than France. Ab in America, 
we found gold in the granite of Ekaterinburg, in the (^enite of Peschankck, and 
in the greenstones around Alexandrofsk, as well as in the debris of the quartz- 
Teins which had penetrated the older deposits. Now, as the granitic and dioritic 
rocks of the Ural were unquestionably emitted at different periods, it follows 
that the data laid before geologists nearly a quarter of a century ago are so far 
in harmony with the obser\ation8 of Mr. I). Forbes. At the same time, although 
we gave clear proofs of the comparative recency of the production of gold in 
the Ural Mountains, we did not prove, as he did, that the latest of these auri- 
ferous imprtjgnations or emanations was posterior to the formation of the 
Secondary rocks. It is, however, quite possible that future observers, who have 
more time at their disposal than we possessed, may discover that the greenstones 
and porphyries which have penetrated the Jurassic rocks in the Southern Ural 
have also impregnnt<3d them with a small amount of gold. 

The newest or post-Jurassic origin of gold is also that to which attention has 
recently been attracted by Mr. Whitney", a well-known g(‘ologist of the United 
States, whose work on California * is replete with excellent observations on the 
physical geogniphy, geology, and natural history of that country. The following 
conclusion of this author cannot, however, be allowed U) pass w’ithout a comment. 
After showing that sonu! geld is found in altered strata of Triassic, Jurassic, 
and Cretaceous age, which are in contact with, or adjacent to, auriferous granite, 
he says, ** While we ani fully justified in saying that a large portion of the auri- 
ferous roc’ks of Ualifoniia consist of iiietaniorphic Triassic and Jurassic strata, 
W'e have not a particle of c*videnee to ujiliold the llieory that has b<*en so often 
maintain'd, tliat all, or even a portion, of the auriferous slates are older than 
the (^irlsMiifeixius We are aide t(» stiit^*, reft'iring to the theoiy of the occur- 

rence of gold being ehieH> limited to Silunnn meks, that this metal occurs in 
no iiie<iiisiderubl<* quantity in metuniorpliie r(K*k>- b» longing as high up in the 
Maries as tin* Fretm*e<Mis “t. I presume that Mr. Whiiiiey apjjlies this view to 
California only ; for Ju* must Ik* aware, without quilling his own Aast continent, 
that tin* (!hief St ats t>f gold, in North as ll as in South America, art* in the 
quartz-veins of .•ilaty rocks for the most part older than tin* Oevonian rocks, and 
that all these eases agree with the a.scertained fact** in Austmlia, New Zealand, 
Asia, and Kur<»)H', and evt'ii in idl the well-t*xamiiied tracts of Eastern North 
America. Denying that I havt* bivii warped by any theory in my former atu^mpt 
at a gi'iieralization on this subject, and declaring that I was guided solely by the 
facts tht‘n known to iiu*, 1 have at tin* same tiim* much satisfaction in acknow- 
ledging the additions made tt» that kiu*wledge, first by Mr. D. Forbids, and 
reciuilly by Mr. Whitney and hi.*i as^».»ciate8. 

Yet, no ont» who peruses the work of our Transatlantic cotemporaries can tail 
to see that si'veral of the phenomena still inxohed in obscurity, and that 
some of Uiem even tell against the novel ptirtimi of tlu'ir conclusions. For ex- 
ample, in the early part of Uie volume in which the Coast Ranges are de- 
scribcMl, and in wdiieh cinnabar and coppt*r art* shown to be worked amongst me- 
tamorphoMMl St^condorv and even Tertiarj- njid eruptive rtH‘ks, it detesuot appear 
that gold has ever be<»u profitably workisi in these extensive ranges north and 
south of 8nn Francisco, although many Tarieiies of highly metamorphosed 
Swondniy n^cks, up to the Cn'tAt'wus inelu.sive, occur in them, jaspers, ser- 

• Sunr. Cnlifornia G*’olo(jr, vol, i. IS«W nn* t<» i»n»Te inoi4 diitinrtlr that thrth* 

t Sillmtan’* AnuTtr. Joiirn- a vol. sumu *alat« » aivmeivh* ttlialraalu-rfilaudiiuitrvfiiat^Ni 
n. IHU. With rvmmi %hv 'aunft*n>u« al«U*» ’ with f;old and other comiHMinda in the* 

ralifariiiH, Mr D. Fturbi^ ha« calU'd mr allvnUon manner dt>«iTib*^ hr him. (So*? also Geological 
(o a of ii|HHri]u«*ns, tome of whioH a|«|*oar to Mai^uinr. \ol iii 1:<SS.) 
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pentiiiet, and mioA-tchigto abounding in beda of the age of the Chalk. In the 
only aituationy however, where gold-mining had been carried on to some extent 
in connexion with presumed Cretaceous rocks, the author avows that the age of 
these (metamorphic) rocks has been referred to the Cretaceous rather from general 
(lithological) amdogj' than from any direct evidence of fossils (p. 190). In the 
Genessee \ alley, however, there are placer- workings on rocks containing Jurassic 
fossils (pp. 808 Jc 48i*) ; and in the Mariposa County a Inigo quarti-vein, forming 
the Mount BuUiou Kidge, and containing at some points gold enough to pay for 
working, crops out among hard shales and sandstones judged to be of Jurassic 
age from the JVlemnitos and other fossils found in them • (pp. xx, 226, & 482). 
Nevertheless it is only when the gtndogist traverses the wide longitudinal valley 
which separates the above- me iitionod Ci^ast Kangi^s from the great and much 
loftier SIbrra Nevada, that he meets with those richly auriferous slates firom 
which the great wealth of California has boon deriviHit. Now several passages 
in Mr. Whitney s wt^rk clearly show that the chief body of those auriferous slates 
is of Cahoozoic age ; he (‘ven exliibits sectional diagrams rt'presouting the Creta- 
ceous and other Si*condary tMiiglomerntes, shales, and sandstones as lying quite 
uuconfonnabl\ upon the edges of the vertieal slaty gold-rocks (seepp. 211 & 864). 
Again, all the fossils found in the massivt* limestones which are intercalated in 
the up}H>r portions of these auriferous slates bt'ing well known Carboniferous 
t}'pes, must not the inferior slates be of Devonian and Silurian age ? In various 
other passagi« descriptive of the highly metamorphosed sedimentary stmta of 
various ag»« in California, up to the Miocene Tertiary inclusive, wo perceive 
what vast difiicuUies any geologist must have had to encounter in drawing dis- 
tinct coiiclu.-ions tus to the age of many parts of these rooks ; but wo do learn 
that in most cases tht< igneous rocks of the regi(»n, particularly the granites and 
dioriles, are in themselves auriferous, llespecting the ditliculties the author 
himself candidly says, ** It was not possible to tind any locality w’here these 
inetaniorjdiic rucks and the unaltered Cretaceous could Ik* seen in contact; and 
tk’une diflieulty w'as nu t with in clearly making out wdiether the motamorphic 
riK'ks might not th«'mselves 1 ki of Cretaceous age. The weight of evidence, 
however, st‘enu*d tii be drridedly in favour of the a^feroiis rucks being older 
than the ('n taeeou- ’* (p. 8 l'2). 

StH*iug, tlu n*f(»re, that no iithor f<»ssils have btM*n defrctod in the richly auri- 
ferous slates of the Sierra Nevada save those of i^aheozoic age in the limestones, 
and that the asHM-iuliou of gold-quartz with the .Jurassic rocks of California is 
ven’ ran*, I can as y<*t s« e no valid r(‘ason to induce me to alter materially the 
generalization 1 adopted in my former editions, us (ierived from evidences in 
various parts of ihv world, ^iz. that the Silurian and uh«(M*iated Daheozoic strata, 
together uith the igneous rocks whieh penetnit4*d tle‘m, have bfien the main re- 
cipients of g(»ld. At the same tirn<*, I admit that small quantititis of gold have, 
in Western .America, been eliiiiinated during lh»* Secondary’ p^iriod ; but these I 
consider to be exceptions to a genend though not universal rule. 

The chief facts remain, therefore, as 8tat4*d in my fonner edition. The general 
axiom which I would now' further lay down is, that as no aqueous deposit of 
IMmary, Secondary, or older Tertiary date has been ever found to cont4^ gold 

• Th«* JaraMte foMib thr goU-difnpnKi of from Uii* Anv<*r«ain Rjver, whern gold-quarti' 
Ui«* Vail.-f’, Califurui*, m minmjr h«wi b«*'n carrH*«l •»!»; wm* hi* ‘ iJaUlugiut of 

hr MnMir«. nretif^r and King. In th«* th.* Mim'riib of Cnlifonun,' Htu, SncnMuoiito. 

S Mn CountT, JuraaMS* fi/wiU w«*ri> found br Mow 1-4V>. 

mngton lii l*^. nnd fXhr'ni bv King nnd t Mr I). Yuritrn hjui c^prMMH-d to me the opinion 

G^>b. Frtrfenwr Hinke, who Doiie«^ M m» Kmng> that nr/t one-tenth jmrt of the gold of South Ame- 
t<m‘a fon^ m I'SM. hnd nlrendy m recog- ri<a ii fimnd in the Teinstonet whieh have been 
nised nn Ammomte Cia Mr. SiAmr’s Collection ' intruded among the Booondary rocka. 
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in its unaltered original matrix^ it aeems to follow that certain rocka of igneoua 
origin muat have been the gold-produceie, by impregnating with the metal the 
contiguous sedimentary matter which they metamorphos^. 1 further believe 
that^ even in tracts which are largely auriferous, and in which the granites and 
igneous rocks have only here and there risen to the surface (as in Victoria and 
the Ural Mountains), the auriferous quartz-veins are the results of the same 
igneous action. 

Conclusions . — The facts and arguments insisted upon in the preceding 
pages lead to these conclusions : — 

1 . That, looking to the world at large, the auriferous veinstones in the 
Lower Silurian rocks contain the greatest quantity of gold. 

2. Thai where certain igneous eruptions penetrated the Secondary de- 
posits, the latter have been rendered auriferous for a limited distance only 
beyond the junction of the two rocks. 

3. That the general axiom before insisted upon remains, that all Secon- 
darj^ and Tertiary deposits (except the auriferous detritus in the latter) not 
so sj)cciully afTected never conbiin gold. 

4. That as no unaltered purely uejueous sediment ever contains gold, the 
argument in favour of the igneous origin of that metal is prodigiously 
strengthened ; or, in other words, that the granit(‘8 and diorites have been 
the chief gold-j)rodueer8, and that the aurilcrous quartz-bands in the 
raheoRoie rocks are also the result of heat and chemii sd agency. 

In reviewing the facts already elicited respecting tlie origin and age of 
the various metals most useful to man, 1 am led to Ixdieve that iron is the 
oldest as M’ell as by far the most diffused in nature. In fact, it occurs 
plcntifhlly in th<* most ancient t»f nil known a(]!ieous dejM)sit8, the Lau- 
rentinn rocks, and has eontinued l<» be abundant throughout all the strata 
up to the formation of the bog-ore of the j)resent day. Copper was, 
1 think, the next in age, sinee, unlike the diffused iron, it is found in 
voinstoiKVj which have traversed tlie ferruginous Palu'ozoie rocks long after 
their consolidation. Lastly, judging from the evidences presented to us 
over such an enormous urea us that which is occupied by the Permian 
dc{K)sit8 in the western or European flank of the U ral Mountains (p. 458), 
and knowing tliat they contain much cop|)cr-orc mixed up with the dAris 
of the Palaeozoic and igneous rocks of that chain (but without a trace of 
gold or silver in them), 1 conclude that those noble metals could not have 
Ihh'u then evolved in that chain. 

Now, if in disparagement of this view it should be alleged that these 
tmd other metals were occasionally met with in the same veinstone, and 
that therc^foro they may have be<*n formed simultaneously, I reply that 
such collocation may be easily explained. Assuming that these otvs have 
iHM&n coimocted with igneous agency acting from beneath, it necessarily 
follows that in their emission the last-formed ores of gold and silver would 
occasionally intermix in their passage with Uie ores of iron and copper 
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which had been previonaly diaseminated in thoee Bediments thtoogh which 
the molten matter charged with the nobler metals had to pass. 

Whether the penetration of gold into the crust of the earth was confined 
to two epochs, as 8ugg(\‘*ted by Mr. D. Forbee, must be worked out by close 
survey of many auriferous regions ; but of this we are certain, that, even 
after the first appearance of this metal, at each detrital accumulation, during 
Tertiary periods and even to our own times, the gold has boon washed 
down into hollows with the dc'bris of the rocks in which it was formed. 
Hence the various ages of golden grravols or Drifts, whilst not a trace of 
the precious metal has ever found in conglomerates or sandstones of 
Palaeozoic or Mesozoic age. No strougt^r proof than this can bo given of 
the truth of my infenmee that gold was the hist formed of the metals. 

Notwithstanding the preceding sketch, it would ill become any geologist 
to attempt to estimate, at this day, the amount of gold wliich remains un- 
detei'U‘d in vast regions of the earth as yet unknown even to geographical 
travellers, still li*Rs to sjieculate uj>on the relative j)ro|K)rtion8 of it in such 
countries. At the same time, the broad features of the case in all known 
lands may Ix' appealed to, to check extravagant fears and approlumsions 
resjK*cting an oxcesttive jirodiietion of the ore ; for we can trace the houn- 
(hiries, rud(* as they may bo, of a metal ever (hxtined to remain precious 
on account of those limits in position, breadth, and d('])th by which it is 
eirciimscrilMHl in Nature's hank. Ix't it ho liorne in mind that no gold 
has ever been found in unaltered Seeoiular}’ and Tertiary rocks, whicdi 
occupy so large a portion of the surfute, and that mines sunk to grout 
depths in tlu* veinstones of thosi* rocks in which it does oicur have hitherto, 
with rare exee]>tif)nH, proved unremunerative. The only cases in W'hioh 
vrry dt‘ep mining in the solid matrix repays are chiefly those wdiere tho 
ro(.k8 are soft, or the juice of labour low. Further, it has betm tiscer- 
taint*d that, whatever may liave been the Hg(‘ney by w'hieh this imjireg- 
nation was cft'ecled, the metal has h(*en chiefly gathered together in rich 
veiiistom^ towards their surface. It is by the abrasion and diHj)crHion of 
these veinstones that the richt'st golden materiab' have been spread out, 
in limited jmtehes, luid generally near the bottom of hasin-shajicd accumu- 
lations of detritus. 

Now, as ever}' heap of these broken auriferous matcriuls in foreign lands 
has just as well-defined a base as each gravel-pit in our own countrj^ it is 
quite certain that hollows or slopes so oeeujded, w hether in California or 
Australia, must be dug out and exhausted in a greater or less jxriod. In 
fact, all similar dejK>sits in the Old or New World have had their gold 
abstracted from heaps the areas of which have betm trai-ed, and their 
bottoms reached ; and the same result has, as 1 anticipuU‘d in the last 
edition of this work, been already to a great dc*gree realized in Australia. 
Not proceeding beyond the evidences registered in tho stone«book of 
Nature, it may therefore be affirmed that the period of such exhaustion 
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in each country (for the deposits of detritus or fields of diggings are mu< 
shallower in some tracts than in others) will, in great measure, depot 
on the numbers and activity of the workmen employed in each locality 
Numerous hands, used with Anglo-Saxon energy, in California and Aiu 
tralia may in a quarter of a century accomplish results which could b 
attained only in many centuries by a scanty and lazy indigenous popula 
tion ; and thus the present largo flow of gold into Europe from such tract 
must, in my opinion, diminish as soon as the auriferous detritus of certaii 
tracts has been well sifted and the richest or upper parts of the veinstone! 
have been worked out. 

In defining the general character of the most productive auriferouE 
rocks, the geologist must, however, necessarily admit a number of excep- 
tions to any prevailing rule ; for, whilst the chemist, as before said, has 
recently detected minute traces of gold in lead- and copper-ores, the re- 
searches of the practical miner have taught us that in any auriferous 
region where certain quartzose lodes are surcharged with ores of iron, 
particularly the oxides and sulphurets, some amount of gold will probably 
be found. Again, the diifuHion or dissemination of small particles of gold 
throughout the body of various ign(‘0U8 rocks, and also, to some extent, in 
altered Secondary rocks of atjueous origin, is, as before said, clearly ascer- 
tained. Huniboldt, indeed, asserted long since, that in Guiana, “gold, 
like tin, is sometimes disseminaU'd in an almost impcrceptilde manner in 
granitic rocks, without the ramification or interlacing of miy small veins”*; 
and wc nt>w know that this phenomenon is gcm*nd along the chain of the 
Andes. In Mexico the gold-mine of Guaduluj»t‘ y Calvo, Ix'fore alluded to 
(p. 4(»0, note), was in j)orj»hyrA\ In Australia (district of Jirnidwood, and 
oUht places south of SvdiuT). a pi*euliiir \ariety of felspathic granite is 
described as being permeated by snmll j>article8 of gold ; and David Forbes 
has shown, as above stated, that it is j>rosent in diorites as well as in the 
graniU^s of South America. In Siberia, Hoffmann f has spoken of its dis- 
tribution in such minute quantities in clay-slate that it was only by 
pounding up large lumps of the rock that any perceptible (juantity could be 
extracted ; whilst I have jwinted out its occurrence in the granite, syenite, 
gn'eustones, and ultcR'd Silurian rocks of the Ural Mountains (p. 454). 

In all regions, therefore, w'here auriferous roc‘k8 occur, w’e may find gold 
eitlier in the coarse dt4)ri8 of Tertiary and Quaternary ages, or in more 
modem allu^'ia. Felspar and quartz biding the chief com|K)nent parts of the 
veinstones, wo con easily imagine how tlieir former destruction on a large 
scale wmuld leave as a residue large heaps of that pipe-clay (the decom- 
])08iHl felspar), or those gritty ptdibles (the abradcxl qujirtz), which, with the 
at'eompanying ores of iron (particularly the black magnetic oxide), are so 
frequently the gold-bearing matrices in the Drift of auriferous countries. 

• Vor•g<^«u taU. ii, iv 2Si*. 

t doa GoklwSahcii Oi»*Siluri«iu: 8i.*Pr(«nburK. 
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Whilst it is an admitted fact that gold has sometimes been so diffused 
in minute and imperceptible particles in certain rocks, wc know of no case, 

1 repeat, in which the gold contained in veinstones increases in volume as 
you descend into the body of a mountain. On the contrary, the indis- 
putable fact is, that the chief quantities of gold, including all the consider- 
able lumps and |H'pitas, have been found imbedded in the upper parts of 
the veinstones, and have b<t'n broken up and transported with the debris 
of the mountain-toj>s down the slopes and into adjacent valleys. 

In closing those remarks, let me express my opinion that the fear that 
gold nniy be greatly doprooiatetl in value rtdative to silver (a fear which 
at one lime seised ujxm the nunds of some people) seems to me to bo un- 
wairanted by tlio data registfrtMl in the crust of the earth ; for, looking to 
all the recent discoveries, my rcatlere may be assured that gold is much the 
most rcstrictwl (^in its native distribution) of the precious metals. Argen- 
tiferous lead, on the contniry, expands so largely downwards into the 
bowels t>f the rt>ck8, jis to leaii us to believe that it must yield enormous 
quantities of silver for ages to conu' — and the more so in proportion as 
better machinery and new inventions shall lesson the difficulty of subter- 
ranean mining*. It may indeetl well be doubtt'd whetlier the quantities 
})oth of gold and silver procured from regions unknown to our progonitors 
will prove more than sufficient to meet the exigencies of an enormously 
iucrea.sed population and our augmenting commerce and luxury. But 
(luitting this theme 1 would simjdy say, as a geologist, that rrovidcnco 
seems to have adjusted the relative value of these two precious metals for 
the use of man, and that their relations, having remained the same for 
ages, will haig survive all theories. Modem science, in short, instead of 
eontradieting, only eonfimis the truth of the aphorism of the pfitriarch 
Job, which thus shadowed forth the dow’nw’’urd persistence of the one and 
the sujK'rlicial distrihuticiii of the other Nurely there is a vein for the 
silver The earth hath of yoUl ” t. 

* A R<>j'ort frmu Ut.‘ Llord (.Foum. of •ilv4*r mil In much auipnentcKl, remiiuling mv 
U. (tro«n\i*h S.H‘ ■kol lun p. !'.♦♦'») ■Ix.wrd i.. how irartu ii< wlituh oonUmt’J rirh MOver- 

whal • ‘-Jie'ni iii)('ht yrt h»- ritnuird niin.'M m On do ^ ^ of Hunuihul hjul ruountiy profed 

fnnu th»' >iuuh- Aun'rn-mi rr.ini-n Thin »i»h. hi- to Im- hi^hl^ rr Mi(ir-ti\c. 

tin' ii*-w lalkt'ii Jon*; :i*ro hi li iiiulHihit, wh«» t The ihxk *»f Joh, chAp. JW. 
iXprt'Hdrd (u lue htti coiiintiou ilufcl thr pruduev 
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CHAPTER XX. 

OIMECTfl OF TIfK WORK. — GENERAL VIEW OF ANCIENT LIFE FROM ITS EARLIEST TRACES.— 
PROGREHH OF CREATION, AFTER A LONG INVERTEBRATE PERIOD, TO THE FIRST PERIOD OP 
FISHES, FOLLOWED BY THE EARLIEST EPOCHS OF LIZARDS AND MAMMALS. — GREAT FORMER 
CHANGES OP THE SURFACE, AS PROVED BY FRACTURES, DISLOCATIONS, AND REVERSALS OF 
STRATA. — SUCH GREAT MOVEMENTS INEXPLICABLE BY REFERENCE TO MODERN CAUSATION. 
— GENERAL VIEW OF PALAEOZOIC SUCCESSION RESUMED. — CONCLUSION. 

Thr main object of this work has now been accomplished ; for I have laid 
before the reader a history of those tyjics of former life which, by the 
labours of peologists, have been found to occupy distinct Btages in the 
oldosi depositB composing the crust of the earth. In all this there is no 
theory, but simjily an accumulation of positive data. The order of such 
successive geiHirations is indeed much more clearly proved than many a 
legend which bus assumed the character of history in the hands of man ; 
for th(! geological r(*cord is the work of God. 

PUuuhI IIS the fossils are in their sevenil tiers of burial-places the one 
over the other, we have in them true witnesses of successive e.\istences, 
whilst the historian of man is constantly nt fault as to dah‘8 and even the 
8(M]uenc<' of events, to say nothing of the contradictor)' statements which 
he is forced to reconcile. 

In this volume 1 have passed raj»idly over the earlit*st stages of planetary 
raatUT, for these must necessarily 1 k' for ever involved in much obscurity ; 
and resjiecting the earlii'st condition of the crust of the earth. I simply 
inferred it was then in so molten a state that no life could have existed. 
The sketch of ancient nature conseijuently l»egan with a description of tlie 
oldest known stratified rocks in which traces of life have bt'cn detected. 
The Luurentian rocks (chiefly gneiss) of North America, liritain, Bavaria, 
Bohemia, and possibly of Stauidinavia, forming the foundations on which 
uU the other strata have Ihmui accumulute<l, were characteriziKl as contain- 
ing specimens of the lowest grade of animal life, in the shape of a marine 
Foraminifer, the Eueooii. 

It was Uien poinUni out Uiat the next sueciHMling dejw&its, or those of 
Cumbiiaii ag(\ though of enormous dimensions, and often but slightly 
altered mud and sand, contained only the rarest trace of anything hi^er 
in organiiation than a Zoophyte. 

Next it was shown that the following (or Silurian) formations exhibited 
even in their very hot tom -beds a considerable augmentation of animal life, 
as shown by the presence of Crustaceans, Mollusks, and Zoophytes, occu- 
pying layers at similar horizons in the crust of the earth in very distant 
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regions. Prooeeding upwards from the earliest of these zones, we then 
ascended to other sediments, in which wo recognized a more copious dis- 
tribution of marine creaturwi, closely resembling each other, though im- 
bedded in rocks separated by wide seas, and now often raised up into 
the loftiest mountains. Examining all the strata exposed to view that 
were formed during the first long naturtd epoch of the life which I 
termed ‘ Silurian/ we found that the 8ucce8si\-© deposits were charged with 
a great variety of forms — such as the Trilobito or primeval Crustacean, 
with a few of the earliest Chamberi'd Shells, as well as numerous exqui- 
sitely formed Mollusks, Crinoids, and Zoophytes, — the families of Cystideans 
and GraptoliU's being exclusively found in these Silurian rocks. In short, 
examples of every group of purely iiquatie animals, save Fishes, have boon 
as8emble<l from those ancient I^w’cr Silurian sediments. 

Though we are now os well actpiainted with the contents of the Palaeo- 
zoic rot'ks as with thane of Mesozoic age, the multiplied researches during 
the lust thirty-two years have failed to <letect the trace of a Fish, amid 
the multitudes «»f marine beings, in the various sediments which constitute 
the great mass of Silurian rocks. Of these animals, though they are the 
low’esl in the scale of the great division ‘ Vertebratu,’ we are unable to 
jKTceive a vestige until w e reach the ‘ Ludlow' ’ zone of the Upper Silurian, 
and are almut to enter upon the Devonian |K‘rioil. In fact, when 1 last 
WTote, the few Cartilaginous Fislios of the up]>onnost Silurian forma- 
tion still remained the most ancient kiiow'ii beings of their class* (see 
PL XXXV.), — a generalization wiiich w'us first established by my own 
resc*archeH+ in LSIlo. 

Ix)oking, however, at the Silurian System as a whole, and judging from 
the coll tTl ion of fuels gathered from all quarters of the globe, W'o know 
that its chief do jK>sit8 (certainly all the Iowxt and by far the most exten- 
sive) were formed during a verj' long period in which, while the sea 
abounded with countless invertibrate animal**, no Jlony Fishes had bexn 
calli‘d into existence. Tlie Silurian (except at its close) w'as consequently 
an eiKKrh in which there npj>cared no example of that complete bony 
framew'ork in wdiich, us approaching to the vertebrate archetype, the 
comjmrative anatomist traces the first step in that series of creations 
which ended in ManJ. 

Whether, therefore, the term ‘ successive * or ‘ progressive ’ be applied 
to such phenomena, I a8M‘rt that all the evidences derived from close and 
long-con tin ue<l researches have demonstrated that there was an enormous 


* The (mlr ftddiuoii to car knotricdgr on this 
potBt uocr t the &iiDOUA(vm«nt uf lr*>Ci ig. 

tlukt the f^roiui Pt4'ra«|>is ha* fjt^n found in thr 
Jj&mrt ai well a* in th«r Ludlow rock, 

t ‘Silnnan Bjutcm,’ p. *Wj5. 
t Sec Owm on the Homolofl 7 the Verte- 
brate Bkeletnn. Bt^ioita Bnt Kmof. JkA\. Science, 
p. 1<K>. The general reader wUl find a jiowcr- 
fuJ caiaj, embiklriDg the optmon*. 1 beliere, of 
the came high authontj. on the proof* of a pro- 


f reMiion in rri'ation, in the Qaarterle Baeiaw, 
KM, li. 412 9t The argnmenta them em- 

S hned have >«een itrrngthened I17 aabtequent 
l•cr>venes alluded to in iht* volu*^. 1 would 
also K|>en«llz refer the reader to PrOTeaaor Sedg- 
wick** * Di*i<our*e on the Studira of the UniTeraitj 
of Cambridge ' for a maaterly and aloqoent Uloa- 
trmtion of aeeeraJ of the newt whion MW hare 
advocated. 
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period in the history of the world wherein no vertebrated animal lived. 
In this sense, the appearance of the first recognizable fossil Fishes, to- 
wards the close of the Silurian period (and then they were cartilaginous 
and rare), seems to be as decisive a proof of a distinct creation as the 
placing of Man upon the terrestrial surface at the end of the long series 
of various animals which successively characterized the preceding geo- 
logical periods. 

Nor have we been able to disinter from the older strata charged with 
Invortcbrata any distinct fragments of Land Plants. In the very same 
uppermost Silurian stratum, however, wherein the small early Fishes 
have been found, there also do we observe the first clear appearances of 
Trees. 

If it be granted that the position of the earliest recognizable Vertebrata 
is sound evidence on which to argue, still it may be contended that such 
forms may at a future period be found in still lower strata. In this 
work, however, I reason from known data only. Nor is it on such testi- 
mony alone, strong, clear, and universal as it is, that my argument is 
based ; for as soon as we pass into the formation immediately overling, 
and quit the zone wherein the first few' Fishes have been dc‘tected, we are 
funiished with (jollateral proofs that this was the earliest great step in a 
successive order of vert<;brate creation which was never afterwards inter- 
rupic'd. In the following (or Devonian) p(Tiod we are surrounded by a 
profusion of large fossil Fislies, with verUdiric sonn^times ossified*, and with 
dermal skoh'tons of wry singubir forms, — all difftTing considerably from 
anything of tlieir class in the succeeding epochs. It is thus clear that 
these I'ishos wore marked additions to the preexisting forms of marine life. 
Again, in this Devonian era we are presented with well-defined Land 
Plants, also of larger dimensions than the rare specimens in the uppermost 
Silurian. 

Just as tlio introduction of Cartilaginous Fishes is barely traceable to- 
wards the close of the long Silurian era, so, becoming afterwards much 
more abundant in the Devonian rocks, they are thenceforward abundantly 
associated in the Carboniferous and all younger formations with true 
Osseous Fishes and with Keptiles, the remains of which are found inter- 
mixed with the other jiroducts of the land and sea. 

Putting aside theory, tlierefi>re, and judging solely from observation, we 
fairly infer that during veiy' long ejKKrhs the sc^as were unoccupied by 
Fishes, that the earliest discoverable creatun^ of this class had very 
rarely an osseous vertebral column, and. lastly, that in the succeeding 
period Uie Fishes having bony vertebrae ap|K'ared in gn*ater numbers, and 
became ever afterwards abundant in the overlying deposits. Do not these 
absolute data of the geologist, resulting as they do from the most minute 

* A C<Hvo«l4m« with tnte t»on,v Torirluw Km ivoeatlr Ixwn found br Mr. C P«nch. and addtnl to the 
Mttiaam in Jrrmrn Strt*«'t 
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as well as the most general researches, afford clear signs, in this respect, 
of a progress in creation ? 

In the Silurian era, os will presently be insisted on, there are countless 
proofs of shores ; and yet then' is not a trace of a Land Plant, washed from 
the adjacent lands, until wt' reach the uppermost limits of the system. The 
signs of terrestrial produce, augmenting in the Devonian ojK)ch, become 
universally abundant in llie Corlwniferous jH>riod, as marked by a copious 
terrestrial flora. This eiirliest lujxuriant tree- vegetation, the pabulum of 
our coal-fields, is also specially nmiirkable for its spread over many lati- 
tudes; and together with it occur the same common species of marine 
shells, all indicating a more or less equable climate from polar to inter- 
tropical regions, — a phenomenon wholly at variance with the present dis- 
tribution of animal and vegetable life over the surface of the planet. 
Together with the earliest profuse land-vegetation Reptiles first appear, 
and thus substantiate the prm)fs of another rise in creation. 

Lastly, while the Permian ora was distinguished by the disnppearanco 
of the gn'ater number of the primeval t}*pes, and by essential modifications 
of tluHje which remained, it still bore a strong r(*semhlanco, through the 
genera of its plants and animals, to the CarhonifiTous p(‘riod ; whilst, in 
unison with all the gr<‘ai facts elicited by our surv(‘y of the older strata, 
it wiis tjqnfiod by tlu' a|q)oarance (»f an animal of a high grade — the Pro- 
tcrosaums, a large Thecodont Reptile, allied (according to Owen) to the 
living Monitor. 

In speaking of the Silurian, Devonian, Carboniferous, and Permian 
rocks, let mo however rejx'at that, w^hilst each of the throe latter groujts 
occupies wide spaces in certain regions, tlic Carboniferous alone approaches 
to the value of the Silurian in representing length of time, or succession of 
animal life in the crust of the globe. When the Silurian System was first 
divided (lS,'lii-.‘i4) into lower and uppi*r parts, our acquaintance with 
younger formations merely sufficed show a complete distinction between 
its fauna and that <»f the Carboniferous rocks, from wliich it is separated 
in England by tlie tliick accumulations of the Old Red Sandstone. At 
that period the shelly Jind slaty rocks of Devonshire were not known to 
be the ecjuivalcnts of such Old Red Sandstone ; still less had the relations 
and fossil contents of all the strata now called Permian been ascertained. 
Judging from the fonsilH collected, it was then, however, stated that the 
Lower Silurian contained orgjinic remains ver}' distinct from those of the 
Upper Silurian ; and y<‘l I united the two groups in ii system, because 
they were charac terized throughout by a common faciei. This was caUod 
a * system ’ because it was characterized by a profusion of the peculiar 
animals Trilobites, Cystideans, and Graptolites, together with Orthides and 
Pentamcri of types wholly unknown in the Carboniferous rocks: and, 
whilst Fishes were seen to exi.st in the intermc'diate masses of Old Red 
Sandstone, no traces of them could l>e detected below the uppermost zone 
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of the Silurian rocks. Thirty-three years have elapsed since these data 
were first indicated, and, after vigilant researches in various regions of 
both hemispheres, these great features remain the same. The labours, 
indeed, of those who followed me have infinitely more sustained the unity 
of that system ; for its lower and upper divisions are now proved to be 
connected by a marked community of generic types and analogous forms. 

Lot mo here, therefore, and before the superior formations are alluded 
to, recall attention to the Fourteenth and Fifteenth Chapters (on Scan- 
dinavia, Kussia, and Germany), in which it has been shown (on the 
authority of de Vemeuil, von Keyserling, Barrande, Kjerulf, Schmidt, 
and others) that the Lower and Upper Silurian rocks of those countries 
constitute one united mass. On this head I cited in the last edition (as 
giving a general conspectus of such comparison) my own conclusions as 
given in a memoir on this subject, read in 1857 before the Geological So- 
ciety of London. I there showed* (and, indeed, the proofs are to be seen 
in previous Chapters) that, in Scandinavia, Russia, and Germany, the Lower 
and lTpi>cr Silurian rocks constitute a natural system, and that often in 
tracts where the deposits are of very small dimensions compared with those 
of Britain, the almndance of characteristic fossils is remarkable. 

Those of my cot(‘mporaric8 who may still adhere to the belief that the 
* Primordial Zone,* which Barrande has shown to be the base of Silurian 
lif(» (and all the American authorities take th(‘ same %iew), ought to be 
s<'j»arat(*d from it and pluc(*d in the Cambrian system, must be first referred 
back to the natural sections of Norway, Sw(‘den, Bohemia, and North 
America abmad, as well as to those of North and South Wales at home, to 
prove tlu* intimate transition and jiassagt* (mineralogical and zoologieal) of 
that lower zon<» into the strata of Llandeilo age. No more remarkable 
exhibition of this g(*ologicul union can be seen than on the sea-cliffs in 
Whitesand Bay, I'embrokeshire. There the Tremadoe Slates of the ‘ Pri- 
mordial ’ Silurian zone are 8(‘en to he not only symmetrically parallel to, but 
(as in North Wales) gradually passing up into slates of absolutely similar 
structure in which the Lower Llandeilo fossils appear. The lower and 
upper mass(« of the cliffs are, in short, so intimately united that any 
lithological division between them is impracticable. 

Whilst such is the physicid union of these roiks, I have it now in my 
power to add the evidence jmsiueed by the long-continued researches 
of tlie veteran geologist Dr. Bigsby, who, in his valuable ‘ Thesaurua 
Silurious,' shows that, in taking n general view of the distribution of what 
ho has classed os Silurian life, no less than twenty-seven forms are found 
to bi' common to the ‘ Primordial * and overlying Silurian zoncef. 

In a broad classification of primeval life, the late eminent naturalist 

• Ouiurt. Jdwm. 0<>ol. Boc. vol. tit. y. SS. Grmnt the Ro^l Society. The out- 

t Thie work of Dr. Rigohr will l>e en^vrllT pub- line the * Theeauru* ' end its eshief object* are 
liahed , and the auth«)r ia, 1 am ha4»|>T to leium. to exjdamed in a memiur read before the Bornl So- 
be aided in turiniriiHI a out by the 'OoTemment wety. (See Proe. Roy. Soc. toI. xt. p. S72.} 
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Edward Forbes oonsidored that the Silurian rooks constitute the Lower 
Paheosmc, — the Devonian, Carboniferous, and Permian rocks the Upper 
Palieozoic ; but whether this ancient series bo divided into two or into 
three classes (some palaeontologists preferring to hold the Devonian as a 
separate and interraediaU* type, — the Lower and Upper Silurian rocks 
ex)nstituting truly an older natural system, just as the Carboniferous and 
Permian deposits form a younger one), the result of the researches of the 
numerous authors ap{)ealed to in this volume has unquestionably justified 
the application of the more comprehensive term ‘ system ’ to the Silurian 
rocks. 

At the close of the Permian or Supra-Carboniferous era, an infinitely 
grt>ater changt' took pin t' in i»rgnnic life than that which markiMl the 
nscoiit from the Silurian system to the overlying Palaeozoic groups. Nearly, 
if not quiU‘, all the sjwM ics of the earlier races then di8ap|>oared, and wore 
rephiced in the Trias by a new series, tlie types of which W’l're continued 
through those hmg c|K»ehs whic h geologists term St*eondary or Mesozoic 
(the * nuMliawal age* of extinct beings). In these, again, the reader will 
leani, by eonsiiliing the works of numerous writers, how one formation fol- 
lowed another, each characterized by different creatures, — many of them, 
however, exhibiting near their downward and upward limits certain fos- 
sils which link one reign of life on to onotlier. 

Whilst it is hoHidc my present aim to enter upon descriptions of such 
Secondary deposits (still less of those called Tertiarj', which intervened be- 
tween the Secondary roc ks and the sediments of the present day), we may 
stiU oast a glance over the general order admitted by all geologists, to see 
how it harmonizes with what has been related of the succession of animals 
lielonging to the older rocks, and as also indicating a progression from 
lower to higher grades of life. 

Let me, then, again remind the reader that he has been presented in this 
volume with clear pnxifs of an immensely long jK*riod having elapsed 
during which, with countless remains of nearly all other inhabitants of the 
sea, no trace of a Fish has iR'cn discovered, to represe nt the prototype of 
that vertebrate sucec^ssion which terminated in Man. Next he will have 
noted that, after Fishes first appeared, long ages elapsed before a Kepiilo 
was added to the creatures of the epoch ; and then we have seen that, 
notwithstanding the demonstration of the frequent submergences of enor- 
mous breadths of land, clothed with a rich and copious vegetation on which 
Insects fed, no sign whatever has been met with, in the spoils of those well- 
explored Carboniferous and Permian domains, that they were inhabited by 
a single Mammal ! 

Proceenibig upwards into the Secondary strata, the earliest traces of 
Mammalia arc first detected in the uppermost meml>er of the Trias (the 
Rhsctic beds or upper part of the Keuper Sandstone of Wurtemberg, which 

9 I 
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OOTOTB the MuBchelkalk and lies at the base of the Lias). In the * Bone- 
bed' of that formation the relics of a small marsupial Mammal were found 
by the late Dr. Plicninp:er, who named it Microlestes antiquus. Again, the 
late Dr. Ebenezcr Emmons, of the United States, described from the lower 
beds of the Chatham Coal-field, North Carolina (of the same age as those 
of Eastern Virginia, and probably of the Wiirtemberg Keuper*), the jaw of 
another minute Mammal, which he called Dromotherium sylvostre. Mr. 
Charles Moore also detected in an agglomerate filling the fissures of the 
Carboniferous Limestone, near Frome, Somersetshire, and compost‘d chiefly 
of the debris of Ithactic beds (uppermost Triassic), small teeth and bones 
closely resembling those of the Microlestes antiquus of Germany t. 

Lastly, Mr. Boyd Dawkins, of the Geological Survey, has discovered a 
Mammal’s tooth in the llhactic strata forming reefs cxjiosed at low water 
atWatehet, Somerset 

Ascending from the Keuper or summit of the Trias, we have to traverse 
the whole of the Lijis and the Tiower 0(ditic formations (which arc charged, 
at intervals, with many terrestrial vegettible remains and highly organized 
Saurians, unlike the Ueptiles wdiieh preceded them) ])(dor(‘ W(‘ find another 
trao(' of mammalian lif(‘. Insects, whicli, as h;is been shown, first appi'ared 
in the cm of the earliest great forests (Devonian, p. 4^10). became more 
abundant in thesci Secondaiy rocks ; and with thes(‘ are found tht' bones of 
that old(‘st known winged Hejdile, the Pt<Todaetyle. Still, surrounded as 
wo are in these strata by Plants. Insects, and many lU»ptih‘s. w(‘ have to 
Journi^y through sevenil of the S<M;(*ndarv d<*posits brfore W(‘ (d)tain other 
evidences of the existence* of Mammaliii than a b‘W jaws atid ft‘wer ver- 
tebne of the little Marsu]»ial I’luiscolotherium Bueklandi (Broderij)) of the 
Stonesfield Oolite §, and its (jiossibly placental) companions Amphilestes, 
Ampliitherium, and Stereognaihus. 

Passing upwards through the higher Oolitic deposits, and rising con- 
Kiderably in the aonle of formations, — where, in short, we are about to take 
leave of the Oolitic or Jurassic grouj), and are entering into the mass of the 
great t>stuarine fonnatiem, the Wealden, and approaching the base of the 
Cndaceous rocks, there it is, ns might have bt^en anticipated, that geologists 
have discovertnl proofs of the existence of many more Mammals than have 
been dot ceded in any of the l^ower Seeondaiy’ dt'posiu. Through researches 
which iH'gan under the direction of Edward Forbes, and which a few years 
ago unfolded great fossil w'ealth to the lalmur and aeiimcn of Mr. Ik^ckles, 
a j>erfect mine of highly organmnl small Mammalia was opened out in the 

• 1 mnnot Kdmit that th** in i»hiob thr of ihr ChiuhiiTn coid aIfK> cntictftM in Profetnor 

•mnll MnmmiU l>r. Kronuuic wfn* rn- K. Jontn'ii ‘ Monocraph of the FomuI Eyerie’ 

tombt^ t’nn In* rrf»*rrt*d U> the Permian irroup. tv cPnl»ontocrrmphi<m SocieO \ 1S«2. 
cioae c»f the Pnhronoic era. The nbnenrt* of Per- 1 tier Pn>frn«or Owen’* description of the Trr- 
minn MoUtukt,now knownin other piut« of North tehnr, Qniurt. Joum. Ge<U 8oc. toI. tti. p. 49S. 
Americm (ioe p. 470). mrnlidute* hi* new , iind I ! Quart. Joum. (Jeol. 8oc. toL rx. p. 40#. 

have tet to leum that Sir C, I.vell or nnr ifeolo- I It wu in ihe Trnr IS27 th*t the * Dldelphr* 

would oonaider the bed* in queation to be Buehlnodi ’ wm* described br that sound nntuiw* 
older thfui the EeU|>er of Genmui.'r. Dr. Eiu- hat, mj fhend the late Mr W. Br^enp .Zoolc^- 
mona’a riews rrapeciinf the sup|H)*ed Permian sure ml J ournal. toI. in. p 40S). 
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cliiB near Swanage. Though it is not in mv power to enter into details 
illustratire of the eharacters of these curions little animals*, some of which 
have been described by that groat authority, Owen, I may refer the reader 
to a lucid memoir by the late Dr. Falconer, in which, besides describing 
his Plagiaulax liecklesii and PI. minor, referred by him to herbivorous or 
frugivorouft Marsupials, such as Hyjwipiymnus (laimanli t, ho announced 
that the three Purbeck genera known up to that time were 8|>alacotherium 
and Triconodon, Owen, aiid Plugiaiilax, Falconer. He further stated his 
belief in the twistence of “at least seven or eight genera of Mammalia, 
some of them uiuiuestiouahly M:ir'*upialia, l>oih prediici'ous and herbivorous, 
and others of them,'* ho Miiit, •* conveying to my mind the impression, so 
far as the evidence goes, Xhtii they l>elong ti> the Placental lusectivora, 
haring altinities more or h'ss remote to existing ty]>es*^ t. 

Willingly granting to Sir ('. Lyell great credit for liuving antieijmtod the 
advent § of the Mammals disinterred by Mr. Heckles, I must be }>ermittod 
to say that, in niv opinion, this discovery does not in any way invalidate 
the genonil inference of an advance in creation, as based ujmn the broad 
data reiterated in this work, and derived from observation in many porta 
of the world. 

me entreat the reader not to bo led, by the reasoning of physiolo- 
gists, and through any appeal to minute structural atHnities, to impugn the 
clear and broad facts of a Ruccession from lower to higher grades of life in 
each formation. Lot no one imagine that, because the bony characters in 
the jaw and te<‘th of the Purbt*ck Plagiaulax are ** such os the comparative 
anatomist might have expected to find among existing Marsupials,'^ and 
the animfd is therefore fur removed from the first or embryonic idea 
of the archetyi>e, or is a specialiied rather than a generalized form, such 
an argument disturbs the successional order of distinct Classes os seen in 
the crust of the earth. 

l>*}iving, however, the j)hy8iologi<*al doctrine to be worked out by others, 
I repeat that the Stonesfield and Purlav-k discoveries an* directly in accord- 
ance with the views of those geologists who, like myself, n'cognize distinct 
proofs of the snecc‘ssive afjpearance of each great Class of Animals. Tlio 
reader must therefore* rc»collect that, whilst the most laborious endeavours 
during the last thirty-three }ears have fail(‘d to deU^t the trace of a 
Mammiil in the earlier formations treated of in thb volume, the Purlieck 
strata, in which the remains of minute creatures of that class are first 
found in abundjince, are as modem in tlie eyes of a * Paler*^zoic ^ inquirer, 
as they are venerable in the estimation of the geologist whose studies of the 

• On»* of th^«r bitlf pfwkturm w«u> hr no r*r<v>f of thfc of th»» «ino« rcrmainn 
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earth’s crust have been mainly directed to those Tertiary rocks in which, 
for the first time, in mounting from older to newer strata, we meet with a 
great variety and profusion of Mammals, of all sorts and sizes, many of 
them, indeed, still being the associates of Man. In such Tertiary forma- 
tions, we have, indeed, before us on all sides the bones of the higher orders 
of Mammalia, drifted from numerous adjacent lands, and associated with 
the exuvim of marine creatures, which, though scarcely more abundant 
than those of the earlier formations, are all of difierent species. 

Animals, in short, of every class, whether terrestrial or marine, and 
particularly Mammalia, abound more and more in each succeeding forma- 
tion of Tertiary age, exhibiting an increasing quantity and variety of both 
sea and land creatures as we approach the superficial accumulations. In 
these only are entomlx'd the bones of such gigantic mammals as the Mam- 
moth, — quadrupeds which once inhabih^d our present continents, and which 
must have required for their sustenance a range over lands probably as ex- 
tensive as those occupied by Man and his associates. Of Man we have no 
traces until after the Glacial Period, or the lost of the great physical changes 
bi^fore the present configuration of the earth’s outlines was determined. 

IjC‘t the reader dwell on these remarkable facts which the close labours 
of geologists have elicited in tins century. I^et him now them in the clear 
and broad order indicated by Nature, advancing from an Invertebrate to a 
Vertebrah' era, and nc^xt mark a regular rise thenceforward in the numbers 
and orgoniiation of animals by the addition, in successive epochs, first of 
Ihqitiles and then of Mammals, l^t him execute a patient survey from 
the l(»wer dcjxisits upwards, and he will find everj'where a succession of 
eroatures rising from lower to higher organizations, — a doctrine promul- 
gated by the illustrious Cuvier, but from infinitely less perfect data than 
we now jKWsoss •, 

Yet, however they admit the facts, some of my cotemporaries think 
that they can so explain them os to reject a belief in sucei^ssive creations 
from low’cr to higher classes. Tliey suppose that nearly all the strata of 
date antecedent to those in which the first signs of life have been detected 
are often in so crystalline a state that, if they originally contained remains 
of animals, Uie traces of them must have been obliterated by changes since 
efleett'd in the structure of the rock. Now, if this supposition had been 
supported by the rest'arches of late years, we must doubtless have admitted 
that all ovidonct' of the earliest cnation has Wn buried in a hopeless 
obscurity ; hut this difficulty (which I never underrattnl) has been quite 
sot aside by the discovery of the Eoxoon in those highly crystalline rocks 
which form the basement of every known formation. Then, again, above 
these fimdamental strata we find, as before explained, deposits many 

* Tho P«l»oaoic nrimpTal IbaaiU thv h^h^r onlm of V i'rt4*brsto trhich in 
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UioiisandB of feet thick, and scarcely at all altered, which, made up of 
sand, mud, and pcbblce, constitute the very foundation of the foeail- 
bearing Silurian strata. In thcee huge lower sediments, only a doubt- 
ful genus of Zoophyte with traces of Annelides or Worms have been 
found, and portions of a Trilobite (p. 28 ) ; whilst chemical analysis has 
afforded independent proofs that phosphoric acid, a true indicator of former 
life, is hardly to bo detected in those rocks, though it abounds in the 
fossiliferous Silurian strata. If this arg^ument were derived from the evi- 
dences collected in one rt*gion only, it might have been suggested that, as 
the same formation which is barren in life over one district teems with 
signs of it in another, so the Cambrian rocks elsewhere may still prove to 
bo more fossiliferous ; but such infra-Silurian rocks have been well ex- 
plored in many countries, and even when unaltered have not yet afforded 
the scanty signs of life which have hoi'n wrung from them in Britain. 
Lastly, the discovery of the little Foraminifer Eoroon in the Laurontiun 
rocks strengthens prodigiously the otlier inferences previously arrived at 
by evidence from so many jiarts of tlie earth, knowing as wo now do that 
the lowest grade of animal hfis alone been detected in the oldest of all 
rocks. Be it also recolkrted that this, the only additional evidence ob- 
tained in this branch of our iiK|uiry during the lust seven years, supports 
the now of successive creation which I have long maintained. 

When we proceed upwards into the I/ower Silurian strata, replete with 
clear and well-defined groups of all marine animals except Vortohrata, an 
antagonist might j»osaibly rejdy that Gelatinous Fishes, devoid of backbones 
(like the solitary little Amphioxu^* now living), may have been the only 
creatures of their class which swurnu'd in the then existing sctis, — and, 
if so, that no tracts of them were likely to exist, their boneless bodies 
jH*riNhing and lt*aving no sign of their former existence. As an old student 
of Nature’s works. I cannot, howc\er, all<»w this liypothesis to outweigh 
the nuraenms well -recorded facts whi<‘h announce the coexistence and 
pcrfi‘Ction of all the other classc's in the ancient marine areas. If thou- 
sands of invertebrate animals have b*ft their coverings behind, and the 
most delicate impre^sions of their parts, is it rational to suppose that, if 
Fishes then existed, every part of their framework should be wanting 
which, whether consisting of dennal plates or of vertebra!, characterizes 
them in the strata of all succ<H*ding epmdis ? Nay, more, we have even in 
the Silurian strata fossil reliquice of such wjft animals as Starfish; and if 
so, why not those of the imtiginary boneless fish of the theorist ? But the 
stony rcTords are not silent as to what wi re the predaceous animals of the 
oceau before the creation of Fishes, properly so calked ; for we see that in 
this same long period, in which no traces of Vertebrates provaileil, there 
was an abundance of (Vphalojwids ; and as creatures of that structure 
are well known to l>e camivorf*us, we have a fair right to assume that 
they were the appointed tyrants of those Silurian seas. 
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Another hypothesis which has been advanced in opposition to the tmuu ^ 
of positive evidence is, that, although such earlier rocks are void of Ich- 
thyolites, the sediments may all have been formed in limited zones around 
the earth ; just as it is bcli«.‘ved by some naturalists that there are seas 
subject to certain currents and conditions of the bottom in which no Fishes 
are now living. Here, again, the application of such a theory is still 
more negatived by the facts adduced. Silurian rocks similar in structure, 
and containing the same organic remains, are not confined to any one seg- 
ment of the earth’s surface, however broad, but are largely developed in 
nearly all known regions. The argument is therefore untenable in face 
of the knowledge wo have acquired, that, amidst a profusion of all the 
other forms of marine life. Fishes and other Vertebrates are absent from 
strata formed in the scfis of this early age. 

The prevalence of a widely spread primeval ocean, and the existence 
of a land-surface not yet subjoctc^d to such variations of outline as have 
since brought about and modified the different climates of the earth, 
when conn(‘cted with a belief in the former greater radiation of heat 
from its interior, arc the chief data rccjuired to satisfy us that in the Silu- 
rian period ])hyHical conditions prevailed with which the nature aiid exten- 
sive spread of the earlier groups of animals arc in harmony. 

Admitting that in tlie remote periods during which the earlit'st acces- 
sible scMliments were accumulatcKl, large areas of land (though probably 
of comparatively little altitude), as well as vast rivers, must have existed 
118 sources of the ])rimevid deposits, we may still well bidieve that such 
lands were separated by wide sejts, and that hence we otiglit necessarily to 
mwt with a smalbT number of littoral animals and a greater number of 
oceanic forms. Taking advantage of the gn at ]>r{‘valence of the sup- 
])08c^d jx'lagie fonns, soino pi rsons hovt* suggested that wo may have as yet 
discovered only the deep-sea j»rodm ts of the Silurian period, and that, 
when the true edges of its lands come to bo deteeti'd, we may then find 
Plants and many creatures now unknown to us. To this I reply that many 
proofs have alivady b('en addneed of lands which were contiguous to the 
marine Silurian sediments, both liower and Vi>imt, and even to the earlier 
Cambrian. InnunuTabb' pebblt‘-beds, eoral-nx fs, and trails of animals 
that eniwb'd upon the tide-marked mud, are the })rincipal eridences rt‘- 
quirtxl ; and to these 1 will again pros<‘ntly advert ♦. 

It has also been said tliat the grt'at niunber of floating shells, particu- 
hirly the Orthoeerata, which abouiid(‘d in the Silurian era are in them- 
selves indicators of deep seas, remote from land, into which, therefore, 
terrestrial sj>oils were little likely to be transported. Now the Silurian 
Chambt'nMl Shells may. indeed, have required a certain depth of water : and 
yet many of them, like the Nautilus pompilius of the present day, might 

• Th<HNi proofs htr to numcrou* thM in » rrornl Mmx irrntt of all th«* foanil* of th*» j 
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have lived at no great distance from the land of that time : and, in the sno* 
oeeding Carboniferous Ptrioti, when the Mountain-limestone was formed, 
we find no lack of floating shells and other Mollusca equally characteristic 
of certain depths of wnU‘r ; and yet those are associated with abundance of 
Plants which wore drifti'd from land, simply, as I would say, because the 
earth then bore a rich arlH)rt*al vegetation. In the earlier Silurian time, 
however, notwithstanding tlie certain existence of contiguous lauds at that 
period, wo can discover only fet>hle traces of vegetable' tissue. In all the 
subsequent formations of the geological scries, from the Permian up- 
wards, land Plants ever accompany marine remains. Thus in the Lias 
and Ooliti'S, for example, we meet with an e(|ual, if not a greater number 
of floating shells than in the Silurian rocks (the Ammonites and Be- 
Icmnites of that younger ]X‘riod» requiring the same depth of water, had 
taken the plaee of the jirimeval Orthoceruta) ; and yet, associated with 
tliem, we have evoiy where proofs of the jiroxiinity of the land, in tho 
abundance of fossil Plants and wood deriviHl from Urrn jinm^ doubtless 
then very min h more extensive and divt'rsified than in tho earliest times. 

If the old continents and islands which existed during the aecunuilation 
of the Ix»wor-Silurian doptwits had lM)rne trees, the numerous rosoarches 
of geologists in all quarters of the globe must have brought to light some 
signs of them ; for, whilst we know that Uiere are rocks of consideniblo 
extent which, from the fine nature of their materials, may probably have 
b(»en deposited in an 0(‘ean at some distance from a shore (though we have 
us yet little or no cvidiuiee as to the accumulation of sediment in deepsojis, 
where no currents prevail), there are, on tho other hand, many Silurian 
districts of the Old and New World where the form and structure of the 
strata hesinnik the aet’on of waves and surge, and where tho imbedded 
Sea-wec*ds, Zoojdiytes, and oilier remains eomi»el us to adopt tho same 
view. If, also, the priim‘val fauna <b»es afford fewer Spiral Univalves than 
are seen among the animals of the * Laminariaii Zone’ of modem seas, 
we may suggi'st that .shore-line^, jus we understand them, must have Imen 
much le.Hs nuincious in primeval epochs tlian in tlic 'I'ertiar}" period and at 
the pr(‘stmt day, afi* r the surface had been div^Tsitied by lofty dividing 
ridges on the land and corresponding depression.H in the ocean. With this 
imix)rtunt resen’ation, liowt viT, we obtain as many of those signs of 
shon*s as we can (*xjK*ct to find in tlu* earlier dejHmiis. for ex- 

ample, to some of the oldest *M‘diiiientary dejK>sits in wbieli tracts of any 
living thing have been detected, the I/iiigmyntl nx:ks f>f Britain, and see, 
in their mode of aggregation, in the Sand- worms which burrowed into 
them, and in the rain -drops which dibbled their surface, the clearest proofs 
of shore -accumulation (p. 2^), 

Again, look to the illustrations of this point furnished by the American 
geologists, from a very wide extent of their country', where tho strata are 
nearly horizontal, and where, without any ambiguity, our kinsmen have 
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traced life downwards in the saccessive cmsts of the earth, to the same 
‘ Primordial ’ Silurian zone as their cotemporaries have done in Britain*, 
Scandinavia, and Bohemia. The American geologists have evidences, in 
their lowest Silurian (Potsdam) beds, of numerous trails of animals, pro- 
bably Crustaceans, by which a film of mud or sand formed by one tide was 
tracked and burrowed before another covered the impressions, and left 
them to future ages as proofs of layers deposited on the shores of former 
lands. Again, in other Silurian beds of the £cur West, there exists the same 
abundance of Coral-reefs as in Britain, and the still stronger evidence of 
pebbly and sandy shores which never contain the trace of a Land Plant. 
Why, therefore, wander from such plain facts into theory ? And why not 
admit (what is, indeed, in accordance with all we have observed) that 
nearly all the Silurian era had passed away before Trees grew upon the 
land or Fishes swam in the waters? The Silurian rocks extend over 
areas as largo as, if not lai^er than, any great systems of the following 
periods; and yet in them alone of the whole geological series is there, 
I repeat, an entire absence of an arborescent vegetation derived from the 
then adjacent lands. 

Hero it is well to remind the student of the wide, if not universal, 
spread of the primeval strata (including many igneous rocks which were 
associated with them). We may suppose that when such extensive 
PaluBozoic sca-bottoms were raised into lands the former continents, from 
which the sediments had been dt'rivt^d, were submerged and disappeared. 
Be this as it may, wc know that in all (piarters of the globe Silurian 
or older strata constantly lie in juxtaposition to the other overlying 
Paltt'oxoic formations ; and hence it is impossible to apply to the lower 
strata any rt'iisoning which dot's not also refer to those wliich repose upon 
them ; for, as the Silurian rocks arc constantly found in the same lati- 
tudes as the Devonian and (^Carboniferous, why is it that in enormous 
iinuises of the one then' are never found traces of Vertebrata and Land 
Plants, and that in the very sanu* regioii ri'inains of both tbest' classes 
abound in the other? By no theoretical suggestion, therefore, can the 
fair iiifen>nee be evaded that things which did not exist during the Lau- 
rtmtian, ('umbrian, and Silurian jK'riods ap|K*ared in the same zones of the 
earth during the following ages. 

The Uniformitariun, who w’0\ild exjdain every natural event in the 
earliest |>oriods by reference to the existing conditions of bi'ing, is tlius 
Htop|KHl at the foundation-stones of the great natunil i-dificc*, each story of 
which has been inhahitnl by diffenuit treat urt's. Nature herself, in short, 
s]>oaks to him through her ancient monuments, and tells him that, though 
she hiis w*orkt*d during all agt'S on the same gt'noral principles of dcstruc- 

* Mr. S»)U'r Km a trail i)fllmien«v rv\): mn* Quart, rk Journal of thr G^lofioal 
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tion and renovation of the siirfaeo, there were formerly distribntions of 
land vaatly different in outline from those which now prevail. Tho pri- 
meval sediments were penetrated by outbursts of great volumes of igneous 
matter firom the interior, the violence of which is made manifest by many 
clear evidences. Fractures in the crust of the earth, caused by earth- 
quakes that suddenly rt‘movcd masses to })osition8 far above or beneath 
their previous levels, were necessarily productive of such powerfril trans- 
lations of water as abraded and destroyed solid materials, and spread them 
out over continents, or altogether swept them away, by operations indnitely 
surpassing any changes of which the historical era affords examples. 

I could here cite tho works of many eminent writers for numerous evi- 
dence's of tho grander intensity of causation in former epochs, by which 
gigantic stratified masses were sometimes invcrtctl, or so wrenched, broken, 
and twisted as to pass under the very rocks out of which Uiey were formed. 
Among those who have passed away, I may mention do Saussure, von 
liuch, Humboldt, Cuvier, Itrongniart, Buckland, Conybeare, Do la Beche, 
and W. Hopkins. Of those wbo hold the same views and are now living, 

1 may enumerate Elie do Beaumont, d’Arehiac, do Vemeuil, Studor, Sedg- 
wick, J. Forbi«, Phillips, Dana, l^gan, and many others. Tho traveller 
amid the Alps and oth<*r mountain-chains will there see clour and un- 
miMl^ikeuldo signs of such former catastrophes, each of wliich resulted from 
fructures utterly inexplicable by reference to any of those puny oscilla- 
tions of the earth which can be appealed to during historical times. 

On this point of the former intensity of causation, I must so far depart 
from the immediate obj<‘Ct of this work, or tlie history of tho succossivo 
Palaxizoic races, as to dwell brielly on some of those physical changes which 
have affected the surface at various periods in the w'hole range of geological 
succession. 

I may say that 1 never examined any extensive area without recogni- 
zing evidences of fracture, displacement, and occasionfUly inversion of tho 
strata, which no amount of gradual, continuous aetiem could possibly ex- 
plain. Thus, on the northern face of the Swiss and Bavarian Alps*, and 
occupying a ninge of hills upwards of 100 miles long, Miocene conglome- 
rate's and shelly shales, which doubtless once rejH>H<‘d on h^ocono hods, so 
abimdunl in the udjaeent m<juntains, and which once dipped away into the 
lower grounds, are now seen to plunge at high angles under tho very rocks 
on w hich they once resU*d, Jind from w’hich they have been derived ; the 
inUTvening Eocene formation ha\ing entirely disapi>eare<i along this great 
line of fracture and inversion. 

S-H? the deep chasm o(*cupied by the Lake of the Four Cantons (between 
Bninnen and .Vltdorf) — a profound transverse fissure, wdth vertical cliffs on 
either side, and observe the broken and discordant ends of the strata on the 

Journ. Ctrol. »ol. v. m*. 1M tc. 
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one aide, showing abrupt^ clean, vertical abscission fh>m those of the other. 
Then follow up, on each opposite cliff, the twisted and often inverted lines 
of torsion by which the Tertiary strata are crumpled up with the Secondary 
rocks, particularly on the east side of that great hollow, even to the sum- 
mit of the mountain. 

Let the traveller proceed to the other parts of this convoluted and broken 
chain, and gaze on the grandeur of the metamorphic action by which bands 
of fossiliferous limestone have been transmuted suddenly in their horizontal 
range into crystalline gypsum ; and then let him ask himself if he believes 
that the agency which produced such enormous and abrupt changes was of 
no greater intensity than that which prevails in our times. Undoubtedly 
the vera causa of metamorphism is still present, since we see that, at the 
Baths of Aix in Savoy, in the western Alps, and at other places, the sul- 
phuric acid, when liberated from the mineral water, does produce a film of 
gypsum on the surface of the limestone walls ; but how believe that the 
agent which in our day works on a scale of inches in many years, is of the 
same intensity as that which operated throughout a whole range of lofty 
mountains ? how are wo to explain that, by gradual operations, the strata 
composed of carbonate of lime through a thickness of thousands of feet 
are all at once, and on the same horizon, changed from bottom to top into 
sulpliate of lime ? 

Let it not bo 8upj»osed that we, who hold to the proofs of more powerful 
causation in ancient ]>eriodH, do not fully admit that the former physical 
ligencit's were of the same* initure ns those which now prevail. We simj»ly 
assist, on the countless evidences of fracture, di8lo< ation, metnmoqdiism, 
and inversion of the strata, and also on that of vast and elean-8wej)t de- 
nudations, that these agencies were from time to time infinitely more ener- 
getic than in existing nature, — in other words, that the metamoq>hisms and 
oscillations of the terrestrial crust, including tlie uprise of sea-hottoms, and 
the8wee]>ing out of debris, wore paroxysmal in eompiirison with the move- 
ments of our own era. We further maintain that no amount of time (of 
which no true geologist was t‘ver parsinioniotis when recording the history 
of bygone accumulations of sediment, or of the difl'ereiit races of animals 
they eontain) will enable us to account for the signs of many great breaks 
and convulsions Avliicli are visible in every mount aiii-cliain, and which the 
miner encounters in all underground workings. 

If slow and uninternij)tiHlly gmdual risings of land from beneath the sea, 
or deprt^aions iHUieath it, had taken place during any one even of the recent 
geologic4il perimls during which Uie earth has undergone many changes, 
ought we not to 8(*e re|>eated evidences of such former out-swellings in 
tlm presence of Boa-slieUs and jx^bbles and marine debris extending in slopes 
on many side's of continents and islands, from the sea upwards to consider- 
able heights ? Instead of such signs, of which no example has beoh indi- 
cated, we constantly find that even in the latest geological times, whether 
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caUed Quatcmaty or Poot-pliocene, the former sea-beaohee or marine shdlj 
deposits of those days usually lie either in separate terraocs or in patches 
at distinct and diflferent altitudes, varying from a few feet above the sea- 
line to great altitudes, as at Moel Tryfano in North Wales, where existing 
Arctic shells lie at upwards of 1300 feet above the sea. These evidences 
demonstrate that such oscillations w'ere not caused by a continuous and 
ei]uablc expansion or contraction of the crust, but by intermittent agen- 
cies of sudden actirity following long periods of ropoeo. They are, in 
short, proofs of a former intensity of causation, as contrasted with the 
uncertain signs of gradual elevation or depression that are appealed to 
us having occurred within the historic era. The case therefore stands 
thus. The shelly and pebbly ternices which exist ore signs of sudden ele- 
vations at diflerent periods; whilst the theory of modem gradual elevation 
and deproHsioii is still wanting in any valid proof that such ojK^rotions 
have tJikeii jdace except within very limitiHl areas. Much longer and more 
persisU'Tit observations must indei'd bo made before any definite conclusion 
can bt' rea< he«i resjx'cting the raU'of gradual elevation or depression w^hich 
has Ikh'U gt>ing on in tht' last thousand years, though we may confidently 
a.Hsert that such chang<*s in the relations of land to water in the historical 
fKjriod have lH*en infinitesimally small when compared with tlio many ante- 
eedeut g(M)logicjd operations. 

One of the retisons which has boon adduced in favour of long and gra- 
dual changt*8 is that on the coast of Norfolk there exists a submarine j^ro- 
glacial fori‘st, whore the stems of the trees are still standing erect, with 
their roots in the ancient soil in w'hich they grew. That ancient soil is 
covered by other younger dijposits, including the Drift, and in it are found 
bones of Klejdiiuits, *Iippoputumi, and (»ther animals, and of other extinct 
and living Marniimliu*. Now, so far from seeing in this commixture, and 
in the vertical stum|»s of trees, lh<* indieatioiis of long and slow action, I 
view them its evidrrK rs of a sudtlen movement. 

When examining a similar sulmuirine forest, with the trunks of the trees 
still erect, the Iul(‘ eminent Dr. Forchhamnier, ot C’opcnhngen, came to the 
eonelusion, as he intbrmed me, that the moveiiH'nt by wdiic;h they were 
submt rged must have Ikcu sudden. He argued that the rapid immersion 
of tht* trunks, and their having been quickly surrounded by marine mud, 
could alone have jiresm’ed them ; for if the trees had been gradually sink- 
ing at the rate of an inch or two in a year, th(*y would have been cuitircly 
decumj)ose<l under the atmosphere long before their submergence, and thus 
no trace of their trunks would luive remained. 

MTierever we set? an enormous quantity of the fracturcHl bones of com- 
mon land animals hudrllod together, as in many cases, with those of huge 
HipiKipotami, 1 naturally infer that we have in this admixture g(x>d proofs 
of a catastrophic destruction of such animals. As one example of thispho- 

• Lrell, Elrmenu of 0«*oU»gT, 6th p 16(f», 
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noxnenoni I have cited the mixed and angular flint* and bone-drift with 
remains of Stags, Mammoths, and Hippopotami on the flanks of the chalk 
diffii of Brighton 

Then, if we pass from the subject of elevation or depression of lands 
to that of their denudation, how can the believers in the power of the 
gradual action of the sea explain the wonderful results of erosion which 
present themselves on the surface of rocks of all ages ? For if we look 
to the agency of present seas, we know that the deep ocean never erodes, 
and that, on the contrary, juried tranquillity reigns at its base. If, then, 
denudation in our time is produced only by breakers or by waves acting on 
coast-lines, which have, we know, a wasting and denuding power over 
limited regions, how account for the perfectly clean sweep which has been 
made of wide tracts ? With the exception of ordinary submarine currents, 
to which many continents must have been subjected, what more natural 
method of explaining these facts than by referring them to the translation 
by vast bodies of water suddenly put into action by those upheavals of 
parts of the earth of which wo have clear evidence? Judging from the 
fact that maiine gravel and shells do often lie in terraces, at different alti- 
tudes on the sides of our mountains, must it not in fairness be admitted that 
each of the upward sudden movements leaving such a terrace must have 
given rise to waves of such magnitude and force as would sweep over and 
scour the low tracts, destroying land animals in their course, and mixing 
them up with those of aquatic habits? How explain the mixture of bones 
of idl sorts of animals except by some such catastrophes ? I do not hero 
invoke any violation of the laws of nature. I only ask practical geologists 
to look at the proofs we possess of sudden dislocations and uj)heavals of the 
land, and th<*n reflect ujK)n wliat must have been the corresponding effects of 
the water displaced. How account for the tons of friu'turcd bones of HipjK>- 
jwtami, buddli‘d tog('tbcr, Jis we know, in crevices and caverns of the rocks 
of Sicily, except by some such violent action ? JaI not bc'ginners in geology 
bo It'd away by Uiose who, deriding * conmlsiouists ’ and * catastrophists,' 
repudiate data which many men who have passtKi their lives in the study 
of the dismemberments of the rocks think are inexplicable Avitliout ap- 
]K!inling to much more powerful causes ihm any of which history records 
an example. 

Has the advocate who would account for all such dismemberments 
by long continuance only of existing causes, whether by the active ero- 
sion of breakers on a shore or by atmosjiheric action, ever satisfactorily 
mxiounU'd for the oomjdotc and entire denudation of our clean-swept 
‘ valleys of devation ' ? Let him ins|HH*t tlmt British model of such phe- 
nomena, the Silurian valley of elevation at Woolliope, first described by 
m>THdf t. What agency, I ask, except that of veiy powerful currents of 

• mr Mrmotr ihenKio, Quart. Joam.O«ol. U> the removal of the enormoot mtmet of Old 
Sot. vu. w. S4S Oc. 8«ndi*otte which niu«t formerly hove covered 

t Bw * Bilunan Sygtem,' p. 427. After alluding Uitt inmUted vnllev, and to the dean fweeii of nil 
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miter could Hstc removed eveiy fragment of the ddbris that must have 
resulted, whether at one or several periods of elevation, from the destruo- 
tion of all the once superposed arches of rock, and have scooped out all tho 
detritus arising from such destruction, from the circling depressions, the 
central dome, flanking ridges, and former cover of those Silurian strata? 
And if that water had not l>een impelled with great force, caused by sudden 
uprises of these rocks from l>eneath the Old lied Sandstone, what other 
agency will account for so complete a denudation, the broken materials 
having only found issue by one lateral gorge, which was, we see, opened 
out by a grt'at transverse fracturt* of the encircling ridges ? 

Tlie same reasoning, I ma\ adil, is applicable to the grander denudation 
of the gn*at vjvlley of the Wealden of Kent, Sussex, and Surrey— a tract 
whieli I have oxph»red fir many years, and coneerning the denudation 
of which I have fonned oj)inions entirely differing from those of Lyell and 
Darvdn. 'Die former, exhibiting skr^tehes of tho wcarpments of tho 
North and S<iuth Downs, infers that they have ho<»n cliffs which wore 
gradually eroded by waves of the sea. Adopting this view, Mr. Cliarlos 
Darwin ( * Origin of S|KTit‘s/ Ist edit., ISoJh p. 2S7), logically estimates that 
the men' en»sion of the sides of tho Wealden Valley, aeconling to tho 
onlinary rate of wear-and-tear of wave-action, must have been n pro- 
cess lasting nut loss than three hundred million years ! 

Now I affirm that there is no proof whatever that tho waves of the 
sea ever beat against or wore away tho cscarjiments of either tlio North or 
iSouth Downs ; for if such had been the ease, we should surely, somowhero 
in the great circuit of the chalk-cliffs which subtend tho Wealden area for 
a distance of 1 CIO miles, be able to detect some evidence of such shore-action, 
whether it Unik jdace during the latest Tertiary or at any Bubsoc]Uont 
periods. U ravel- beds formed by the a<'tion of breakers, w^hatever may bo 
the date of their formation, are always clearly distinguishable by their 
rounded condition from all other kinds of drift translated by water, fluch 
jiebhle-hods fonned by waves of the sea are beautifully exhihiU*d in the Ter- 
tiary strata at Woolwich and Blackheuth, extending to Addington Heath, 
nearCroydon; and pebbles similarly formed are seen in various raised beaches 
of more recent age around the coasts of Britain, in all those cases tho 
pebble's ore just lik(; the shingle now rounded on the shore. But not a trace 
of such shore- action is to be detected at any level, at the foot or along tho 
sides of the escarpments of the North and South Downs. In place of this, 
we there only find local heaps of angular and brokc'U flints, the relics 

iSr di^bn* from thr drKtnu'tima of thi* dif* tonlj thi> rzt«nt of <*ro«i/)n ; and wh«a w« 

f«^rrnt Silimjui rock* wtthm th** cIIjihh*, 1 titadc Rrr that nzfmvaiion ha« ho M to 

ihi* <d>*rnfatM>n — “Whrft, howr»**r, »*- refl***! gro*>*r th»- broad charnit^U which turroond thr 
oi*on the nature of thr rirTatton. wr *rr m it thr t^rntral domr and U* carry away laive purtiona of 
incTiublr rrault of thr aamr {x^wrrful ot^rrationa th« a«aociat»>d (Silunao, rocka. why ahould w« 
that harr |>rudui‘rd thr form of thr vallry ; for njirct to And a traca of the wrack of the onoe 
whether we embrace thr hv|<^itbraia of a •udden ovrrlving atraU (Old R«*d Sar..!aton40 which muat 
i or of a Dumber of ahorka. wr are ha«r been removed liefore the work of drnodatitm 

(telled to oall into play the action correnta, both c^oold commence upon the inCnior depomta.** 
Tioient and long continued, to explain MUMdac- Siloriaa Syatem,' isdk, p. 434.) 



494 


SILUBLL 


[Chap. XX. 

of the Chalk which once covered the Wealden, and these chiefly npon the 
Gh*eensand8 and Gault at small distances from the hills, and tumultuously 
aggregated — ^the residue, doubtless, of some of the enormous mounds of 
d^ris which must have resulted from the breaking-up and destruction of 
the Chalk which once covered over the whole area between the opposite 
escarpments of the North and South Downs 

Further, if we look to the interior of this vast valley, we find the dome- 
shaped centre, consisting of the Weald Clay and Hastings Sand, just as 
entirely swept of any superficial fragment as in the smaller valley of 
Woolhope, except in those limited tracts of narrow dimensions where 
rivers of date long posterior to the great denudations have acted, and 
there left traces of their old beds, as in the case of the Medway, so well 
described by Messrs. Foster and Topley of the Geological Survey f. 

By what ordinary currents of the sea, I ask, could such a sweeping- 
out be made over an area of nearly 200 square miles, throughout which, 
except whore an ancient riv(T-bod like that of the Medway, but flowing 
long after the great denudations, have left some shingle and gravel, 
every portion of the soil is but the decomposition of the denuded rock 
beneath ? 

I therefore believe that, during the several upheavals (for I am no 
believer in one such movement) which took place, by which the central 
dome WJis raised, the jiresent vjilley was subjected to powerful and p('T- 
ha])H long-eontinu(‘d currents of water, purging the surface of all those vast 
inounds of debris whicli must have encumbered it after each upheaving 
dislocation of the central Wealden axis 

Agreeing, as 1 do, with my associate Lvell in a belief in the constancy 
of laws of Nature, I am rejoiced to be his follower in reasoning from the 
present to the j)ast ; at the same time I maintain, from the evidences pre- 
sentt'd to me in the crust of the earth, that during former periods there 
were, at intervals, cuuses in action of much greater intensity than those of 
which the human race has ever had an example. 

In speaking of the ‘ relative amount of work done by mechanical force 
in given quiuitities of time |Mist and present,’ Lyell adds §, “It is not 
the magnitude of the effects, however gigantic their proportions, which 
can inform us in tlie slightt^st degree whether the operation was gradual, 
insensible, or pjiroxysmol. It must be shown (he says) that a slow pro- 
cess could never in any series of ages give rise to the same results.” 

Now, to take one of the examples before cited, I aflfrm that by no pos- 

• the nrt^Mnt •ofUy roamW outiin*** EngUmt k<\” For proofs of the gr«**t force which 

of iht<«e b«*iitiful ChiJk hillii arr due to diurnal mt** raitsl m thr unheavnl of this grandest of our 
rroston by atinoiq>hrnr agrnoy durtnc long agrt. BriUsh Tallrys of eieration. aceoniivuiied as th« 
and aomr amount of unwomand firott'broken flints morrments m>c>rsaarily wrrr by rrnts and openings 
is due to this oausr. tran^rrsr to thr main line of nnheaval. at'eths 

1 Quart. Joura. Grot Soc. vol. xxi. 443 Or. a<imirablr mrmoir of thr latr eminent hiaUieina> 
I 1 rrfrr thr raador. for ftuthrr drtnils on this tician. W. Hopkins, Trans. Grol. Soc. ser. 2. 
i^int, to a memoir 1 wrotr many yrars ago (are toI. rii. p. I 

Quart. Joum. Grol. Soe. vol. ni. pp. 34i» iir.'i, ^ Principles of Grology, lOih edit toI. i. p. 136. 
*• Gn the Distribution of the Flint Drift of 8. E. 
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Bible extension of gradual and insensible eansee oould huge masses of Ter- 
tiary rocks hare been so thrown over as to pass under the older rocks of 
the Alps, out of which they were formed. That operation must have been 
paroxysmal, and no slow pr<^H\^8s could hare accoraplishod it. The crust 
and outline of the earth are, in short, full of evidences that many of the 
ruptures and overthrows of the strata, as well as great denudations, could 
not even ui millions of years have Iteon produced by agencies like those of 
our timi>s. Xor can 1 admit that wo who appeal to the proofs of former 
intensity of causation are to Ik* taxed with bidng * prodigal of violence and 
parsimonit»us of time ;* for willingly allow any amount of time for the 
accrt*tion in aqueous st'dimentH of such matU'r os resulted from tho diunial 
wearing away of lands. \\ r ulsi* readily admit, if valid proofs be given, 
that gradual uprisings and siiikiiigs of lands have occurred in parts of the 
earth dtiriiig the hist<»ric period; but, at the same time, wo maintain that 
furmtTly arts of much greate r violence in the dismemberment, and in de- 
nudation, (»f tie* strata tfK»k place than in any changes during our era. 

Full} admitting that “ de])osition and denudation are processes insepa- 
rably connect4 d’‘*. it is immaterial to my argument whether the destruction 
of vast masses of mattcT was both sudden and gradual or gradual only ; for 
th<* amount of dejKisition would in all such cases balance the amount of 
abriision ; and whether tho hills were ground down gradually or suddenly, 
the resulting detritus aecumulated under w’ater would bo tho same. If, 
indml, it be rational to infer that, by the progressive thicktming of tho 
w^dimentar}* crust, the internal heat being more and more re])re88od by each 
such addition, tho surface has at h ngth been fitted for tho habitation of an 
intellectual being, are we not naturally led to believe that in historic times 
the earth’s surface has been in a state of comparative repose, and subject 

much more niudcratc undulations and depressions only, though hero 
and there mate rially diversified by earth<|uukes and v<dcanic outbursts? 

Again, I can see in existing nature no cause of sufficient intensity to 
account for onlinary M'diraents (once charged with organic remains) having 
U‘<‘n changed into »Ty^Ulline masm\H occupying whole n^gions. Tlio theorist 
in vain endeavours to exj>lain such ojienition by pro'fstM’S so slow in their 
action as to be almost impercejilible. If it ho argued that tho strata con- 
stituting lofty mountains were nietamorjdnmed in parts by such a slow 
process, let any one who sustains that view explain hf>w it is that every 
stratum in a lofty range of mountains, composed of f arhonato of lime, 
should in some cases all at once change into sulphate of lime, and in others 
into dolomite. 

Whilst I state my objections to some of the tenets held by a large bond 
of modem geologists, I am bound to say that I rejoice to witness the can- 
dour with which their eminent leader, Lyell, has recently written of de- 
posits formed after what he terms ** great revolutions in physical geo- 

• Srr LjfU, ‘ Pniiri|#lf«,’ 10th r<iiL p. 107. 
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graphj ” He alludes to ** regions of convuledon, in which (in historic 
times) rocks have been rent asunder, the surface has been forced up into 
ridges, chasms have been opened out, or the ground throughout large spaces 
has been permanently lifted up above or let down beneath its former 
level.” If such small results have been shown to man, why not admit 
that in former times the causation may have been more intense ? 

Further on, in the same instructive volume, we find that, in estimating 
the aggregate result of diurnal operations multiplied by time, he justly 
repudiates the idea of violent catastrophes and revolutions which aifected 
the “ whole earth and its inhabitants.” 

Not being one of those who ever held such an opinion, I have but to 
express my agreement with Sir Charles’s present view, ** that the more 
impressive efforts of subterranean power, such as the upheaval of moun- 
biin-chains, may have been due to multiplied convulsions of moderate 
intensity, rather than to a few paroxysmal explosions I only beg 
to reassert the belief I have long entertained from evidences before me, 
that those ‘ convulsions ’ were infinitely more powerful than any one of 
which history records an example. I infer, indeed, that each of those 
uj)hoavals or depressions which gave rise to lerraces of marine shells at 
separate heights upon our lands or to 8ubmerg(‘d lines of coast must have 
displaoxMl largo volumes of water possessing great denuding power. On the 
contrary, if the bottoms of seas had always been gradually raised, or 
the lands equably and slowly depressed (as is said to be now the case in 
Scandinavia), the currents of the ocean at such times could never have 
ncU^ with force sufficient to denude the adjacent lands; for it is well 
known, I repeat, that deep sens never sweep away broken materials, and 
only accumulate fine silt or minute organic bodies. 


Before I quit this branch of the general subject of geology, which treata 
of the physical agencies which have brought the earth’s crust into its 
present outline, I must further be permitted to express my dissent from 
those who would account for the production of all valleys and gorges by 
the action of the water that has flowed in them. I fully admit that, in 
mountainous regions, rivers, whether flowing or in the form of glaciers, 
have abraded and deepened their channels. I further admit that in vol- 
canic regions rivers descending from considerable heights into plains have 

* Bm* * Princfples of fidil. 18SS, rol. I formitr of Moiation m respeseto tbe rnonnoodj 

pp. ISO, »10, SIS. long And undiaturbf^ penodt required to Mcoaut 

t In a tkeioh of the life and vritififfn of bit for the Aocunulation of the thick ■edimentarr de* 
UmenU'd fhend the late Dr. Whewell. Mmeter of iKMnta. On the other haitd. unbiaeed Unifonnio 
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myuelf, who mny dwell umm the grent nnd sudden will ulUmnteiy be oUnined."— Addre«» nt the An- 
dirioontioo* which he bAiere* the enut of the mrrxmn Meetiiig ^the Bornl Geofimphkml So- 
enrth underwent from time to t4me in frr bygone ciety. Hay 1^. Tnum. Boy. 0«<i^m|>h. Soc toI. 
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reexcATated yaUcp which at no reij remote period were fiUed with ooid<$68 
of baealt. This phenomenon, so strikingly brought before English geolo* 
gists forty-two years ago by the pen and pencil of Mr. 0. Poulett Scrope, 
was abundantly verified by Sir Charlbs Lyell and myself when we ex- 
plored Auvergne together in 1828. 

On the other hand, I maintain that the clearest proofs abound that in 
numberless ca8<» rivers have simply availed themselves of the courses pre- 
pared for them by jirerious bn'aks in the rocks, o]>ening depressions along 
which the waters have passcKl. Take one of the largest of our European 
streams, the Danulie, and tr-ice it fmm its source in the fiat platt^aux of 
Central Germany, in whit h it rise^. and yon see that, whilst it never can 
have been a torrential stream, it simply maintains a steady slow-fiowing 
current as it winds thnnigh the steep defiles and high cliffs of the hardest 
gneiss and granite, which had bt'en opened out to receive it; for, even 
now, where the gorges art* the dee|K‘st and narrowest, and where the 
river must tln^refon* have exerted its gn^iitost power, the buildings of 
Itoman linn's have been daily bathed by the stream, and not a fragment 
of them has worn away. 

llien, if we turn to Hritain, no one who bus examined the tract of Coal- 
brook Dale w’ill contend that the de<'p gorge in which the Severn flows 
at that place has been eaten out by the agency of the river (there so power- 
less ), the more so wlicn that great fissure in the Silurian rocks is at onco 
accounted for by their abrupt severance, with an entire unconformity 
between the strata of Wcnlock limestone occupying the opposite sides of 
the valley. Now in that part ci Shrojishire the Severn hfis not worn 
aw*ay the slightest portion of the rocks during the historic era, nor has it 
scooptni out a deeper channel : it has only deposited silt and mud, and in- 
creased the extent of laud upon its banks. 

The valley of the Avon at Hath, for example, is also the seat of one of 
those disturbances to which 8ir Charles Lyell alluded when ho candidly 
said that he had little doubt that the Hath springs, like most other 
thermal waters, mark the siti* of some great convulsion and fracture which 
took place in the crust of the earth at some former period ” •, — the hot 
waiters of that city having ever flowed out of a deep-seated fissure, clearly 
marked by the strata <m the one side of the valley having been upheaved 
to a height 200 feet above that which they once f>ccupied in connexion 
with those of the other side. When, indec*d, we look to the lazy>fiowing, 
mud -collecting Avon, wdiich at Bath passes along that Unc* of valley, how 
clearly do wc see that it never deepened its channel I still more when 
we follow it to Bristol, and obsc-rve it passing through the steep gorge of 
hard Mountain-limestone at Clifton, every one must then be convinced 
that it never could have produced such an excavation. In fact, we know 
that, from the earliest periods of history, it has only accumulated mud, and 

* B^poit of BriiiAh Aa«ocuaion. 1S4U : Addr«M, p. Ixiv. 
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has never worn away any portion of the rock. The dear inference, then, 
in these and countless other instances is that rivers in all such cases simply 
flow in the gorges and depressions prepared for them by previous geological 
disturbances. 

There is yet another subject of discussion in the physics of geology on 
which I must express my dissent from the views of some of my most 
esteemed associates, whose other works I highly admire. In a preceding 
page I have expressed my belief that, in the earlier or Palseozoic times, the 
lands never rose into very lofty mountains, nor were the sea-bottoms so 
deep as in the present day. Had the present diversified outline of the 
earth, or even an approach to it, existed in the Palaeozoic era, most 
assuredly the same groups of animals and plants could not have been 
spread os they were over such enormous areas as those over which we find 
their remains ; for the deep sea is to all ‘ Laminarian ’ marine creatures 
as impassable an obstacle as the high mountains are to the spread of 
land animals. 

Again, if very lofty mountains had existed in Palocozoic times, we should 
somewhere find distinct proofs that snow and glaciers then prevailed ; but 
of this phenomenon I cannot admit that vtdid proofs have yet been given. 
Tlie discovery by Professor Ilomsay of some smoothcnl and striated stones at 
one place among the Permian rocks of England cannot, 1 think, be held as a 
proof of true glacier-action*, seeing that there are other agencies by which 
such scratches may have been produced. We must recollwt that the Per- 
mian period was one of igneous activity and great disturbance; and in such 
a state of nature we can very well imagine how, by the friction of rock- 
masses against each other (as in one of the elevations of the adjacent Malveni 
Hills), su(5h striae might have been produced. Still less can I admit that 
the blocks in the much older conglomerate of the Old Red Sandstone of 
Scotland wore transported by ice ; for all these are purely local conglome- 
rates, piled up against, or lying upon, the older rocks out of which they 
have been compounded. They are therefore, in my opinion, simply the 
results of some of the powerful earthquakes, dialocatious, and debacles 
M’hich, as I contend, have affected the earlier crusts of the earth, and 
thus left them as detrital materials almost in situ. 

Imbued with this belief, 1 must also demur to the opinion which might 
be derived fri>m an insjKH^tion of the sections of my distinguished friend 
Professor Ramsay, when he carries up to extreme heights those dotted 
theoretical lines over his actual and truthful sections, by which he indi- 
cates the probable altitude of mountains in ancient geological times, by 
supposing the upward continuation of strata which have really been trun- 
cated near the surface of the earth. If the highly inclined lines of strata 
on the opposite sides of a broad dome of older rock really continued in an 

« ProfvMor Mrnotr oa th« nilyect. Quail. Joora. CUol. Boc. toL xi. ppw 1S5 kc. 
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unbn^en onrre, the upheaved Palaeoioic rooks must oooasioiially have con- 
stituted moontains as high as any e^inting snowy mountains of the present 
period •. Such a view of our subject cannot, it seems to me, for many 
powerful reasons, be sustained, llius the plants and a n i m als which lived 
in the subsequent Devonian and Carboniferous periods all clearly indicate 
that those deposits were formed under a warm temperature, and were not 
accumulated in cold climates. 

Again, if we are to believe in the existence of such lofty mountaina in 
the oldest periods, we must suppose that a warm climate prevailed in the 
low countries and that glaciers existed only at great heights ; and if so, 
how can we rationally explain the entire destruction and disappearance 
of such gigantic masses of solid matter as must have taken place over 
such vast areas ? On the other hand, if wo restrict our conception of 
such dislocations and upheavals to their having simply affected those 
portions of the strata which, anterior to th(*ir rupture, were more or less 
horizontal, and that tlity never wen' raised into the lofty domes hy|) 0 - 
theticaUy assigned to them, we cun then readily believe how inundations 
and other agencies through long ages, may have swept away such restricted 
accumulations of broken materials. 

Before I quit the consideration of those former proofs of a greater inten- 
sity of funner causation, 1 may well rejoice in knowing that my opinions 
os a practical gcH>lugist, and diTived solely from facts, have been sup- 
ported by that eminent mathematician Sir William Thomson, entirely on 
the principles of thermo-d}niamics, which, as he says, have been over- 
looked by those geologists who uncompromisingly opi^se all paroxysmal 
byix>theses. In u inemuir on the “ Secular Cooling of the Earth he has 
hhown that “the solar sysU*m cannot have gone on, even us at present, for 
a few hundred thousand or a few million years without the irrevocable 
loss (by dissipation, n^^t by annihilation) of a verj’ considerable proportion 
of tlie entire energy initially in store for sun-heat and for plutonic action. 
In another memoir^ he has shown that probably the sun has been sensibly 
hotU'r than now : ** Hcih'c (^he observ'es) geological sjH'dilations assuming 
somewhat greater extremes of heat, more violent sbjrms and floods, more 
luxuriant vegetation (ra*. t/r. the Coal-period) arc more probable than those 
of the quietest or Uniformitariaii school.’" After showing the secular 
amount of loss of heat from the whole earth, and repudiating the chemical 
hypothesis tliat the substances combining together may be again separated 
electrolytically by ihcrmo-clectric currents duo to the heat generated by 
their combination, and thus the chemical action and its heat continued in 
an endless cycle, — this, he says, “ violates the principles of natural philo- 

* for imlonr*- the Mem. of 0«ioL Survey, ertdrace of the greater ialeneitj of OMUNttion ia 
rol. V ^ W kc. pUle* 4 a end toI. ui. uL 'M. former periods. 

If the lagrmoiM neva of my dutinguiahed mend t Truu. Boy. Boo. Edtabnrgh, rol. xritr pt. i, 
b« tfiqduned by tmlliwtg in rnomum* dialocattoot nad PhtL 4. rol. xrr. pp 1 ius. 

•ad itoBodatioM, tkm» eerlmjily would be pUm J Macmillaa't Magneiao, March ISSX 
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Bophy in exactly the same manner, and to the same degree, as the belief 
that a clock constmcted with a self-winding movement may folhl the 
expectations of its ingenious inventor by going for ever. It must be 
admitted,” he adds, ** that many geological writers of the Uniformitarian 
school, who in other respects have taken a profoundly philosophical view of 
the subject, have argued in a most fallacious manner against hypotheses of 
violent action in past ages.” And then, in support of his own views, he asks 
those pertinent questions : “Is not this, on the whole, in harmony with 
geological evidence, rightly interpreted ? Do not the vast masses of basalt, 
the general appearance of mountain -ranges, the violent distortions and 
fractures of strata, the great prevalence of metamorphic action (which 
must have taken place at depths of not many miles, if so much), all agree 
in demonstrating that the rate of increase of temperature downwards must 
have been much more rapid, and in rendering it probable that volcanic 
agency, earthquake-shocks, and every kind of so-called plutonic action have 
been, on the whole, more abundantly and violently operative in geological 
antiquity than in the present age?”* 

Reoing that the view I long ago adopted solely from an appeal to geologi- 
cal phenomena has since been supported on these independent grounds 
by the reasoning of one of our leadt'rs in physical science, 1 return to 
the consideration of the main object of this work, or the History of the 
rulu[‘t)y.oic Ages — a subject happily on w’hich all gc'ologists are, 1 trust, 
now agreed. 

If we r(‘fle<’t upon the succession presented to us in the primeval deposits, 
wo have, 1 rejx'nt, cumulative evidence to prov»* that the wide-spread dif- 
fusion of the same tyiK's of animal and vegetabh* life was due to a former 
temjKsrature and outline of the surface essentially different from thase 
of our day. To w'hatever extent eontiuents and islands may have existed 
during those long early j>eriods, and however wo may speculate on tlio 
oxtimt of pristine shores, it seems certain that the lauds accessible to our 
research increased in size very considtTably at the close of the Devonian 
}K)rii>d, and esj)ecitdly in the Carboniferous times. In those days the very 
same species of marine animals lived from the latitude of Spitzbergen 
to the parallels of Peru and Australia f. Then also vast low deltas 
stretched out in every dirt‘Ction, bearing a uniform terrestrial vegetation, 
absolutely identical over at least half the globe. Many of the ancient Tree- 
foms must have grown on tracts little above tlic water : and jungles larger 
than Hritain must have been successively and repeatedly submerged and 
renewed, forming lands loaded in time with the accumulated vegetation 

* Phil. •rr. 4. rol xxr. p. % alao ocevx in Attatralia: M*Cor, Ann. 

t Tht* PcTuniui and citlirr )nkrt* of tho Nat. Hia^. 1^47. For the numeroua furpis'of Car* 

CordiH«*r« ranginc into iNilifitnua, hare ailorded iKiniferotu m SiMtibergen vee Quart. Joum. 
aeteral aprcien oi Carboniferou* MoUuaca idon- Oeol. Soc. vul. rvu pp, and the reaulta of 

tieai nith Britiah forma, and 1 have mtnelf found the late Swediah ExjWdition. Trana. Acad. SUxA* 
the name in the Cral Uountaina : aee *Kuaau* holm, iMiS. 
in*Kuroi¥p and the Ural Alountaina,' toI. i. p. 7S. 
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that supplied the elementa for the oonstruction of gruat ooal-fidds. (See 
Sketch, p. 286.) These phenomena assure us, therefore, that a yery great 
portion, if not indeed the whole surfEme of the earth, enjoyed at that time 
an equable and warmer climate. 

Believing, as I do, with some geologists, that this former temperature of 
the earth was, in a measure, probably increased by the radiation of its inter- 
nal heat, independently of solar action, other physical os well as zoological 
phenomena load mo further to suppose that the land of those early days 
could not have htHm thrown up into lofty mountains ; for, if so, such groat 
elevations must have l>cen nccompanii'd by corresponding deep chasms in 
the crust of the earth, and tbcsi* would nt'cesaorily have bc<'n impassable 
barriers to the groups of luarino ereotures which have been described 
as more or h'ss c<K»xistt*nt over wider regions •. Profound abysses of the 
ocean are, it Is well known, aa complete iMirriers to the migration of Fishes 
and many other marine cn atures, as lofty mountains aro to inhabitants 
of the land. Tlie diwovery, therefon', of the vast profundity of the ocean 
midway Iwtween the (’ajK» of (ioo<l Hojw and Capo Honi, amounting (it 
is said, even allowing for some amount of error in the soundings) to 7000 
fathoms, or nearly d(»uble the height of the loftiest mountains, is, iu- 
decnl, the strongest jK)Hsihle illuHtration of the impassable nuturo of such 
Hubaciuwiis barriers. Theso existing hollows have resulted from many 
gn'at oscillations of the surface, in comparatively recent geological periods, 
which have eaiised great variations in the ‘ marine provinces * of ex- 
isting animals, and placed them in strong contrast with the uniformity 
of the ancient wid(‘-spread faunas. 

l)uly (estimating th(‘ great value of the knowledge of marine life ac- 
quired and applied hv a naturalist whose researches, coupled with thoso 
of lioven and otln r (Mitemporarit's, have thrown new' light on many phe- 
nomena previou-.ly uni xplained, let us guard against the inference that, 
bec^aust' such uc<juainlance with the natural opt^ations of our own ora is 
applicable to the last ge<dogieal data, or those of Tertiary age, it should also 
apply to the (|uu«i-uni^ei-sal, and therefore very ditferent, physical condi- 
tions under w hich primcviJ creulurt^s existed. During the Tertiary period, 
the crust of the earUi had, as we know, aj)proximat(‘d considerably to its 
presi’ut varied outline ; and UTore it drew' to a close*, groat changes had 
taken place, hy which n?gions formerly occupied hy animals and plants 
rtH|uiring a warm and e<juahle climate were covered even hy ice and gla- 
ciers. WliiLst, therefore, w'e thank Edward Forbes for dre<lging the sea- 
bottoms, and teaching us that deep-sea mollusks are now living near high 
lands in the Mediterranean, whence pebbles may be so washed down as to 
lie in juxtaposition with the tenants of the deep, we must believe that 
either this argiunent cannot l>ear upon the primeval era, in which we have 

* CitniT aod VAlr-ncH^nn^^tAbowca PoiMk} J. Rutharadon (IfUiA, iMf>) lead na to infer tKn t 

that Terr few *|M^ra of Fiah croM the Atlaniie , dnrr* HeaM ar*> aa inipaaMd>le barriera to Fiabea aa 
the krpfjvta u> the BnU*h Aaaociatioo bj Sir high mounUiii* are to Maouaala. 
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DO evidence whatever of high landa and detached mediterranean seas, or, 
if applied, it is the Btrongeet evidence to show that the supposed primeval 
clifb and lands were void of terrestrial vegetation. 

On what data, it may be asked, is founded the beautiful and rational 
theoi|r of Ljell, which explains the successive changes of the climate of 
the earth ? Is it not mainly dependent on those diversified evolutions, 
proceeding from beneath the surface, which have caused changes in the 
outline of former lands and seas, equivalent in extent, although different 
in position, to our present continents and oceans ? And if such a varied 
distribution of earth and water as the present had existed in the pristine 
periods that we have been considering, how could the same groups of 
animals, manifestly requiring the same conditions, the same temperature, 
and the same food have had so wide a diffusion ? 

Although it is quite true that specific distinctions are seen to have fre- 
quently prevailed in the fossils of the Lower Silurian rocks of countries 
situated at no great distance from each other, as explained in the Chapters 
which treat of the distribution of the fauna of that age, the fact is by no 
moans antagonistic to my reasoning. Should it, for example, be even said 
that the variety in the distribution of Silurian species is as great as in the 
same areas of sea of the present day, 1 reply that it is not to species, but to 
the classes, families, and genera that, as a matter of fact, I api>eal. If so 
many Trilobites, Cephalopoda, Bra<hiupods, Cystideans, and Corals of analo- 
gous forms wore Hpn‘ad out over ureas at enormous distances, in the earlier 
jirimeval times, proving that oceans containing similar groujws extended from 
('hiiia and the Himalayan Mountains, over Sibi'ria and llnssia to Western 
Euro|H% it is enough ftir me to feel assured that the various associates 
of the Calymene Blumenbaehii, or any well-known TrilobiU% must have 
required just the same temjwratun' and surrounding media in whatever 
part of the w’orld they lived. It is not because the land animals of 
Euro|)o are dissimilar in species to tliose of Africa that the faunas of tlie 
two regions arc so distinct, but because w'e have not among our Europc^an 
associates the same <jroujts as tliose which live in hotter climes, I thero- 
fore conceive that the fact of the wnde difiusion of the same families 
and genera of Trilobites, Corals, and other fossils, however they may vary 
as to sjieciw, must have rt»quin'd an equably difihsed temperature and 
similar conditions for their existence. 8till more clearly is this infe- 
renoo sustained in the Carboniferous era by the spread of the same old 
vegetation, and often of the same species of Plants over half the globe. 

Having thus written in the last edition of this work, 1 am now, indeed, 
enabled to speak more conclusively on this point and to the same effect, 
thanks to the labours of Br. Bigsby. The geologist who seeks to acquiro 
a thorough acquaintance with the very wide difiusion of the whole Silurian 
Fauna must consult the forthcoming * Thesaurus Siluricus ’ of that inde- 
dofatigahlo author, the result of many years of labour and research in both 
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hemisphoree. Aasisied by Mr. Salter and Mr. Etberidge, he has registered 
no less than 7553 well-defined species of fossils that lived daring the 
Silurian epoch, thereby showing that in the last ton years the number of 
known species has bec*n more than trebled. When, indeed, we consider 
that through the enlightened researches of Barrande, a small tract around 
Prague has already yielded a third of the hitherto recognised Silurian 
remains, we may well imagine what will be the number of the fossil 
population of that age to bo cited by the geological statists of the next 
century. A glance at the Tables of the * Thesaurus Silurious’ will 
show the groups of fossils which are common to the most distant centres ; 
and we thus asoertaiii that some of the fpfrifs even are common to Britain, 
Scandinavia, Bohemia, America, and the Antipodes in Australia. Theso 
data prove that the Silurian system of life had an almost universal spread; 
for the knowledge we have obtained has been gathered, as the work 
well reminds us. from widely separated spots only on the surface of tho 
earth, the gr<*at(T mass of such old ro<*ks being hidden beneath tho 
younger formatir>ns. Another rt*markahlo result of the researches of 
this gf'ologist is the amount of tho frequent rocurrtmee of species in tho 
range of Silurian life. Thus, in pursuing the method of analysis and 
comparison first applif^d by Proft*ss(»r John Phillips to the Carboniferous 
era, Bigshy enumerates no loss than 803 spec ies (or 12 per cent, of the 
whole number) which have maintained their existence during vastly 
long periods, though after all 0)200 species out of 755^1 are severally 
refitrictod to one horizon. E<jually striking is tho generalization given in 
this ‘Thesaurus’ reganling tho geographical distribution of Silurian life, 
particularly as exhibited in the grand natural features of British North 
America, where the formations of that period extend over an enormous 
area, as well shouni in the map of C’anada and nedghhouring States by 
Logan and his associates, referred to in Chapter XVIII. 

Resting then on theso universal facts as a firm basis, the geologist 
who explores his way upwards sees, as before stated, that the formations 
which were next accumulate<l in the seme latitudes as the Silurian rocks, 
and sometimes in actual and conformable contact with thorn, do (5ontain 
Land Plants mixed with marine remains. In short, the only prevailing 
unequivocal vegetables foun<l in the oldest strata are 8ea- weeds ; whilst tho 
after-formed and contiguous rocks, though equally charged with oxuvim of 
the sea, are laden with many spoils of tho land, both vegetable and animal. 

Patient researches having thus demonstrated that in the primeval 
eras all living things differed from those of our own times, we also see 
bow the animals subsequently created were adapted to new and altered 
physical conditions. Proceeding onwards from the early period in whidi 
we can trace no sign of Trees on the land, or of Fishes in the sea, and in 
which the solid materials, enclosing everywhere a similar fauna, were 
widely spread out with great uniformit}’, we soon begin to perceive that, 
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with the augmentation of dry lands and the growth of trees, as seen in the 
Devonian system, Fishes abounded, to be followed afterwards by Reptiles. 
Subsequent to the accumulation of the Carboniferous rocks, we have proofs 
that the earth’s surface was so powerfully corrugated* that, after many 
Mesozoic perturbations, the groups of animals and plants of the Tertiary 
periods were far more restricted to limited regions and varied climates. 

On the other hand, the numerous and positive evidences of a former 
wide distribution of similar animals and plants enable us fairly to bring 
before our mind’s eye the physical geography of those long epochs when 
such largo portions of our present continents were under the waters, and 
jungles of succulent and fem-liko trees occupied extensive low lands, sub- 
jected during long periods to sinkings and uprisings, both gradual and 
sudden. Not loss clearly do we perceive, from other physical evidences, 
the mannef in which eruptive forces subsequently breaking out ^v^ith vio- 
lence after the close of the Carboniferous era, as at many other periods, 
have thrown the strata into those grand undulations and contortions, ac- 
companied by stupendous fractures, which have given to the I’oheozoic, 
and even the Secondary deposits their curvatures and limits. 

Thenceforward was continued that long scries of additional and rt‘peated 
emissions of volcanic matter from within, of elevations of sea-bottoms 
and corresponding depressions of land, combined with the metamorphism 
of strata (these changes being often accompanied by (jorresponding new’ 
creations of animals suited to the existing conditions), during the formation 
of the Hocondary and Tertiary deposits. By these great physical operations, 
both gradual and paroxysmal (some of the grandest of which must have 
occurred in iHH'.ent geological times), our planet was eventually brought to 
possess the climatal relations which have for so long j)rcvailed. That these 
elevations and depressions finally produced a state of things very different 
from that of sucli former eras, is, indeed, eveiywherc registered by a mul- 
titudo of woU-attested data. 

Among the terrestrial changes to which science clearly points, there is 
no one which better deserv’es to be alluded to in a few parting words, 
than that great mutation of climaU*, by W’hich extensive fields of ice were 
first, as I believe, formed ujxm the sea, and large glaciers upon the land. 
As very lofty mountains in moderate latitudes, and masses of land and 
water in Arctic or Antarctic regions, are essentially the scats of glaciers 
and ice-rafts, so we know that these bodies alone have the powder of trans- 
porting huge erratic fragments of rocks from their native mountains to 

* 1 hr no mpMM deny Uint much perturbntion tlu* exiM«‘noc> of mar loftj moontaino di« 

prrTiiit^ in Uto of the planH. rx- oriMt of th«> e«rtjh had ondfr^goo** totur of tlu* nib* 

nUlnrd in Uu* ftnit two On the* con- •rt^urnt mutations ailndrd to, particolarlr those 

trainr. I n^it the |towerAU emission of much which followed the aoouroulation of the Ciurbofti* 
neous matter, the transmutatiim of st'dimentanr ferous strsu, and which were repeated at so msnj 
into oryStaUine rooks, mud the emeiwnee of subseouent |w»rtods. noUbW. and jxtrhaps most 
laad^areas, anterior to the aoenmiUataon of aaj iKiwernillr. in the Teitisrjr times whmh preceded 
of the deposits whioh are now under cunside< the historic era. 
ration ; Imt I dear that there are iadiostions of 
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considerable distances by land, or for hundreds of miles over the sea in 
floating icebergs. Now. of the far removal of such gigantic blodcs we 
have no dear evidence in any preceding geological period ! On the con- 
trary, whilst most large boulders of the Primary, Sccondaiy^ or older 
Tertiary rocks bear on their surfaces the signs of having been water- worn 
or rounded by aqueous or atmospheric agency, and have been transported 
to comparatively short distances from their parent rocks (like the con- 
glomerates of the Old Rod Sandstone of Scotland), the huge erratics of the 
later cold period (gigantic in comparison with all tliat preceded them) are 
often angular, or nearly in that state in which they left the mountain- 
side — before, in short, they were wafted over seas or lakes, to bo dropped, 
hundreds of miles from their parent ro(*ks, uj)on submarine sediments, 
which by subsequent elevation have been made portions of our continents. 
Hence, independently of the indications of a more equably diffused and 
wanner tempeiature in older times than at the present day, such largo er- 
ratics are in themselves decisive testimonials of that intense cold which, it 
is believed, was principally due to the incroiiso of groat elevated masses of 
land specially characteristic of the qwtsi •modern period*. 

Receding backwards from this glacial phenomenon t, which, continuing 
into our own times, has been so skilfully illustrated by eloquent writers, 
it is specially my province to impress upon the render the importance 
of endeavouring to form an estimate of the jibysical geography of the 
earth during those remote periods when the Palmozoic deposits were ac- 
cumulated. If, as 1 firmly believe, lofty mountains did not then exist, wo 
have, indeed, in tliis single condition what may have been one of the 
chief causes of that equable, if not warmer, climate the presence of which 
seems an indis]>ensable hypothesis to harmonize the facts recorded in this 
volume ; and if we add the inference adopted by many philosophers and 
geologists, that the earth, in cooling down from its original molten state, 
must, during immensely long succeeding ages, have gradually lost its heat 
over the whole surface, we are enabled, by reference? to idiysical changes 
alone, to satisfy ourselves that we have in them the chief elements required 
to explain many climatal results. 

Finally, although this rapid survey of the changes of the earth is but 
the outline of a picture which must bo filled up by an assiduous study of 
the works of nature during ages yet to come, let me say that it lias not been 
attempted without deliberate consideration and extensive n^searches, dn- 

* A* I do not belieTe tIuU thf blocks in th#- pinginl Wfon* they were flnniljr depotUod on tho 
Old Bad Conglomerates of Scotland were trana- old tea- bottoms. Home aotli^ of dinttnotioii, 
ported by no 1 am not called upon to enter however, view tbeae phyai^ ot«erationa aa indi> 
into the iageniona ooamionl nod aatrooomieal cative of two diatinet glacial (lerifida, aepnrnted 
theory of Mr. OoU. which woold account fi^r the from eat-h other by a much warmer period, in 
exiatcncc of Palaeonoic glaetera. See Appendix H. which forisat trees and large qundnmeda Aou« 

t la tnenfeiontag the OIndat Period, 1 embrace riahed; and it haa evm be^ imerraa that Man 
in one epoch the formation of raat glaetera mated before the lad of theae icjr epoeba. The 
over large pnru of the then anow-covered regiona render will Sod tbia latter view <to whioh I do not 
of the emrth. aa well aa the melting of the aame. ret maaent) eloquently and nttnuAiTaly' daaoaibad 
when their ddbria, indnding huge ioeberga and br Profcaaor Chnriea Martina, of MontpalUar. in 
erratic hloeka, were tranaported to eaormoua dia- toe * Berne des deux Mondea.* 1SS7. 
taaoea, often aferintiiig the rodta on which they im- 
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ring a long life^ amid tho youngest as well as the most ancient deposits ; 
and if the theoretical considerations in the few preceding pages be objected 
to, they can easily be separated from those historical facts which are esta- 
blished by positive observation, and in the truth of which all geologists are 
agreed. 

The loading object of this volume, I therefore repeat, is to call atten- 
tion to tho earliest vestiges of life which have been discovered in the crust 
of tho globe, and accurately to chronicle the order in which other and 
more highly organized races followed them. 

From tho effects produced upon my own mind through the study of these 
imperishable records, I hope my readers will adhere to the views which 
I entertain of tho suexicssion of life from lower to higher classes, always 
bearing in mind that the first living animal of each class was as perfect 
and composite in structure os any of its congeners in after-times. I 
therefore cannot but believe that he who, looking to tho earliest visible 
signs of life, traces thenceforward a rise in tho scale of beings until Man 
appeared upon tho earth, must acknowledge in these sueoessive works 
continuous manifestations of tho Design of a Crratoh. 


P.R. The lost published volume ilbtsfrative of the pabrontologienl n*s<‘arehes 
of M. IJarraudo* has h<*eu transmitted t(» me hv tin* mithor whilst tliese ]mges an' 
going through the press; and in it 1 find the elean‘st elahorntion of the proofs 
that (like the primeval Crustaceans, the Trilobiles) the (Vphiilopods (of the 
Nautilido family) attained by far their greatest development in the Silurian 
period, their numbers lessening by a very rnpid decrement in eiu'h of the suc- 
ceeding great Paheozoic formations. Now this datiini^the result of h»ng lalxiur 
and perspicuous discriimiiation, is strikingly confirmatory of my establislu*d geo- 
logical postulate', that, with the exetption of its youngest memlK'r, the Silurian 
system was an * Tnvert<brate P<*ri<Ki ’ of immensely long duration. I have sug- 
g«'»U‘d (p. 4S/)) that the natural function of Fisljes ns destroyers of the lower 
marine animals was exercis(‘d in Silurian times by numertais (’ephalopcKls ; and 
it gratifies me to find that the munlK*rs of the latter in thosi* early days infinitely 
exceeded that of which we have hitluTto had any knowh*dge. Again, the same 
view of very long linertebmte IVriiHls has been sustained by the authority of 
I*rofe«sor IMna, who has tcnmnl the Silurian era the Age of Mollusks ” t. 

• ’ 8yia^m«> ailurion du C«'ntrr dt* U exit's ^to, 1SS7. 

r*rtir I. *Kt'cheivhtft i*slOoi»tolo((nquc»,’ toI li t * Muaial of Ofology,' lS6a, p. 
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A . — Tahh ^howhiff the Vertical range of the Silurian Foasiis of Britain. 

In tbe Appendix to the Fiwt Kditioii of this* work, the ran^ of thcxie species 
only which are common to tlie gn*at iii\iMion8 l^pper and Lower Silurian was 
exhibitcii in a tabular form. 1 uni now enabled to give a complete list, so far 
as our present knowled^n' extends, of all the species, and U> particularize their 
occum*nce in the Subdivision** of tbe System — thus following the plan adopted 
in the original ‘ Silurian System.* 

Mr. J, W. Salter, aidttl by l*r**f. Morris, in the year ISTiO compiled the Table 
published in the last (xiition. In the recon.st ruction of the Table for the prt^sont 
v*»lume nearly .‘1(K) new forms have lawn incorporateil with the previously known 
Silurian Fauna. Several publislnsl species are omitted, btM*aiise a careful ex- 
amination has .“hown lh**ir identity with others prevhuisly dt'scribiHl. The list 
now ct»mpris4‘s all tin* hithert** well known llntish Silurian fossils, and shows 
iht'ir range throughout the different subdivisions. 

It is be und*‘rst*uHl that Mr. Salt**r, who prepared the last edition of this 
Tabh‘, is not r*‘sp<*n8ible for any inaccuracies it may contain in its present form. 
Tin* mlditions and <*mendation8 have been chietly mud** by Mr. Ftheridge, assisted 
by l*rof. Morris and Prof. Jone.s. The student will obH**r\ ** that many of the long- 
kn*)wn nam*'s of Silurian fossils hn\e b«*en exchanged for mon? correct names 
according to the r»*ccTit d*‘tenninations of their rt;al alliances, often olwcure before, 
and only establish***! on the discovery of more jMTfectHpeciniens,and by an extended 
kmm h'dge of *'\tinct fonns of life. To the pala*ontoh*gical labours of Mr. Salter 
rjkI Mr. LaxitLon we owe many *»f the more n-cognitions tliat have lately 

l^*en made of the rt‘lHlionHhips of various Trilobites, MolliiskH, and other fossils, 
as well as many d<*s<’ripli«)ns of n*‘wly diHc*>v(*r**d forms. See es|>ocially David- 
son’s ‘ Mtuiogniph on ih** Silurian llnichu>p(Mls/ and Mr. Salter’s ‘ Monograph of 
th*‘ IlritLh Trihihit* s,* ‘Appendix to ftumsay’s f ieology of North Wales,’ &c. Mr. 
David.-kin ha.^ examiiu'd th • list of published Hrachiopod and Dr. Duncan that 
of the ('orals; Mr. ('arrutb**rs has r**vLsed the Ciraptolites, and Mr. Henry Wood- 
ward tbe Kuiypt**ridn* ; and th** improved raunenclatur** advaiic**d by these and 
other palajouiologists has Is'en adopt«*d in the bcMiy of tb** work. In the Expla- 
nations Off the Plates, als*-), many of the old names will b* found to have bcjcn 
exchanged for others more cumfct as to generic and specific aflinities, or entitled 
to ui»e by priority. 

The Lingula-flags (M. Ilarrande’s ‘Zone Primordiale’ of the Silurian rocks, 

‘ Primordial Silurian ’ of the Table) have, as explained in the body of this work, 
their fullest development nf;ar Trernadoo, Ilarmoutb, and Dolgelly, in North 
Wales, and in St. Brides Boy, south of St. David’s, on the west cr»ast of Pem- 
broke in South Wales. In the Silurian tnu;t of Sbropsliire they are, in my 
opinion, represent*.*d by the dark schists which underlie the Sliper Stones, and 
are superp(»ed to the greaU*st mass of the Cambrian strata known in England 
and Wales, namely, the Ix)ngmynd. 
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The liaadeilo Group of rocks, comprisiiig the Lower Llaiideilo (or Tremadoc) 
Slates, and the Llandeilo Flags proper, are black, flag-like, and slaty deposits, 
occawonally calcareous, extensively developed at Tremadoc and Ffestiniog in 
North Wales, also in Shropshire, and in South Wales at Llandeilo, Builth, &c. 
They include at their base the dark-grey flagstones and schists which occupy 
the western slopes of the Stiper Stones (see pp. 47 &c.). The fossils of these 
two groups are included in the column headed ^ Llandeilo.* 

In the * Caradoc * column are included all the rocks of the Caradoc sections of 
Shropshire, the Bala Limestone, and the arenaceous beds above and below it, all 
which beds overlie the black slaty Llandeilo series in North and South Wales 
(see pp. (13 &c.). The fossils of Snowdon, of Coniston in Weslmon*land, of 
Ayrshire, Tyrone, Dublin, Waterford, Wexford, &c., are also included in this 
division. 

The fossils of the liOwer and Upper Llandovery rocks are included in one 
column Llandovery’), bcicausp they constitute an intermediate group; but the 
render will see in the text that I have clearly indicated their distinction, showing 
that the Lower Llandovery rocks unite naturally with the Lower Silurian, and 
the Upper Llandovery with the Upper Silurian. (See also the Legend at the 
side of the Map.) 

The Woolhope Limestone and the Denbighshire (irits are hon^ regarded as 
the lowest portion of the Wenlock rocks; and the ‘ Coniston Grits ’ of Professor 
H( 5 dffwick with their few fcjssils are itichuhni in the same group. The fossils of 
the Bog-mine, near Shelve, Shropshire!, an* also thus placed, as they are Upper- 
Silurian 8p(!ci(js. 

The ‘ Ludlow ’ column embraces the Ix>wer and Upper Ludlow rocks and the 
intervening Ayinestry Limestone* ; whilst the t4*rm ‘ Passage- Ixids' refers to that 
thin hand l.«edbury Shales* of Salter) which exhibits a passage from the 
Tapper Ludlow to the Old Bed Sandstone, — the Downturn Castle Sandstone 
being retained with the Ludlow rock proper (pp 136 &c.). 


[In the following List, reforenoes are made to the Woodcuts of Fossils in the text, and 
to the Plates at the end uf the work, in a distinct and darker type.] 
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ArTiKOPUYLLVU pluwtum. Phil. M. Q. S. ii. p. 38(», ^ | • 

|(''iioNi>iUTas veriMinilis, Salt, M. G. S. Expl. Sheet , 

32. pi. 2. f. 1, 2 « 

FcromxB. FQn.l6.p.96 

PACHYTnacx sphwrica, Booker. PL 38. f. 30 .. . 

SroNtuaivu SMuistriatum. Pal. Fos. p. 42; 

Bdwardsi. March. PlI 12. f. 3 

inlerlineatuiu, M*C!oy, Pal, Fos.p.43 i « 


interruptum. M'Coy. Pal. Fos. 43 . 


t The astors of tome of the fussila oader this li<^ is 
IdoabHUL 





SUBKINODOM PUOTOZOA. 

ClMi AMORPBOSOA. 

Acawhosposoia Siluriensia, M‘Oot, Sil. Fo*. p-C? . 
AMrnisroKai4 oblongn, Salter. At. O. S. £zplan. 

Sheet 32, pi. 2. f. n 

CuoivA (V loa) antiq^ Portl. (hvl Rep. p. JKiO... . 


prieca, M^Cojr, Pal. Fimi. pi. I h. f. 1 i .... 

CatMiDirM tenue. Loha. PL 38 . l U } | 

FAVonpo.'foi % RuthTeni.Snlt.M.'' { Pal.FMa.pl,lt).fl>) 

Intkk'aeia obacura. Portl. (^'ol. Rep. p. 32«i ! 

laciiADiTKA antiquufs Salt. Al. G. S iit. p. 2H2. f. 4 « 

Kcrntiirii. Murrh. PI. 12. f. 4 ! • 

(CNMellatuA, Salter, MS j 

? NiDrLiTi:.^ favuA, Salt. FoflS. 30 . f. 3 j 

PauTOSi'OifoiA diiruaa, Salt. lint. Amoc. lU'p, IStk'V, j 

p, 2S,') • 

fnipAtrata, Salt. Q. J. G. 8oc. xx p. 2,‘W. 

pi. 13. f. 12 ; » 

jSPHJUUi8ro?(()iA hoflpitaliA, Salt. Trans. Woolhopej 


Aial Club, No. 4, p. 23 . . , . 
>poaA Mtnatella, d'Orb. (S. c 


.? Stkoiutopoea Mtnatella, d Orb. (S. eoneentrica, 
j Sil. S.TMt.) Pa». 62; PL 41 . f. 31 1... 

j? TcraAGoxiM Danbri. M*( oy. Pal. Foh. pi. 1 1 ». f.T.H: . 
I? Vekticillipoha aWoriuis, Lons. PL 38. f. lU [ .. 


Subkingdom ClELEKTKUATAt 
j (Zoopiiyta). 

I Class ACTINOZOA. j 

l.^csaTULARiA luxurians. Eich. FOMI.64. f. f» ; PI.; • 

I 39. f. ti. ( Astrn'a anaruis, Sil. Sjst. ).. ... 

!.\lveolite» Gra>i, Etiw. Brit. C«»r. p. 232 1 ’. 

Lahcviiei, Kdw. (FavoHileM A|Hin|pU*s. | 

j Fo 0 A 18. r. 5 . PL 40 . f S : | 

) n*piMj», Ix»nM. Sil S>Mt.p (Wd. pl.ir». f. 30 .... 

I ? m‘ruiU>jx)nad<‘*, EJw. flr. ( 'or. p. 23t*l ...’ '. 

Ai lacopiiylh M initrutuin. His. lA'th Suw. p. Bid' , i 
iCuflioPUYLLi M vortex, M*C'o)', Pal. F'ot, p. iUl,' '• 

pi I B f . ... I : 

CiiostoPiiyLLrM }>erfoliatuQi, K<lw. Brit. Cor. p. 2111' 

CcKXiTKS interteitus, Eiebw. (Liiiiaria frutieoMa,' 

L(ins.) PL38. f. S f . 

I junipennuH, Eirhiv. FotS. 20. f. 3. f Li-, 

maria elathrata, Ijons.) PL 38. t.7 .. 

I labrtjsus, E<liv. Hrit. Cor, p, 277 

j lineariii, Edw. Bnt. Cor. p 277 . 

stngatus, M Coy. Pal. Fot. p 22 

CrATnAXoNiA Siluriensift, M Coy, Pal. Fom. p..*K>,.. * 

^'yATHoPHTLLL'M aiigustuiii, Lons. PL 39. f . 1) 

articulatum, Wahl. (caHipit4xium, Loh.h.; i 

non Qoldf., Cladooora sulcata, Lons ?, ' 

anclStrephodeiiCraigensis,H*Coy, Pal. i 

Fos. pU 1 r. f. 10.) Pow. 54. f. I ; i 1 
, PL 38. til; PL39. t BJ 

I t Fader this Gfs(>tolitrs are airanfed by some aa | 
HydsoAoa; but they are placed provtsiooallr with th«* 

Polysoa at p. &2Si. 
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Cyatiiopiiylm’M flexuoBum, PI. . . 

Ix)veni, Kdw. Brit. >(>kh. Cor. p. ... 
pHeiido-ccratitcs (Sirepbodes), M Coy, 

ral.FoH.p .30 ^ Vi 

trochiforiiie, M‘Coy, Bnt. Pal. Fos. pl.| 

1 B. f. 21 V 

truncaUim, Linn. (C. dianthui, L<^*- . 
StrepbodcH vermiculoides, M‘Coy,l ai. 

Fob pi. 1 n. f. 22.) F0B8.&4.f. 2 k d;| 

PI. 39. f. 12. V2a-€ V u ‘.i 

CYPTii'iiYLLr M cvUndricum, Lons. FOBS. 1. o ,| 

P1.38.f. .‘1 

Orayi, Edw. Brit. Cor. — — 

SiUirienno, Lons, F0B8.54.i. t , PI. 38 
f. 1 


Favobiteb aHppr, (i’Orb. 

Fobs. 18. f. 4 ; PI. 40. f. 1. 2 (/) .. 
craBBiiB, M ‘Coy. Etlw. Brit. Cor. p. ..bl 
criBtBtuH, Blum. (F. I^lymorfba 

Hynt ). Fobs. 18. f. 1 ; i” ‘ 

fibroKUB, Goldf.l Stonoporii. Bnt . Sil. C or. 

pl.Ol.f.b). Fos8.18.f.7;28.ri,2; . 

PI. 40. f. b, 7, vnr. inonintanH, M ‘t oy, j 
Fobs. 18. 1. H ; PI. 41. 1. 1.- Alvc‘<»- 

litoH fibr(»Mi, L<*nH., var. lycoj)crdon. 

Hall Fobs. 31. f. 2 

ForlH'Bii, M.-Kdw. Brit . Sil. Cor. pl.tUK 1.2 

OotlundipuB. Litm. FoBB. 18. 1. 2, d 

27.1.0 ; P1.40.f.d. l 

lliBiUKUTi. Kdw. Bnt (’or p 2.V.» S*. 

multiponi. L»iih. PI. 40. 1- •* ••• j 

FiBTi i.irouA divipicuB. M'Cov, Pal- I’o'*- P- - 

lUuMoiMiYM.rM FWluTi, Kdw Bnt. ( or p. 

pyrumidaU*. IBb. IaMU. P' V 1* ■ 

HAi.YBlTKa’nitvmdarms, Linn. FoBS. 20. t. (> : 

28. f. •* ; PI. 40. f. 14 ! 


llKLIOLlT 



inorditiatuH. 

Fobs. 30. f, b ; PI. 38. f. 12 


iiil.T«liiirtu«. \Va\il. ( l’oriU-8 j.vriforim«.J 

8U. Svrt.) Po68. 19. . FI. 39. f ij 

M-O.n'. Foss. 30. f. 7 .. ; 

Murt'Uiianii. M.-Blw. Bnt. to., lor. , 


^ I 

» ' 


pl. r»7. K b 
wibtiliB, M Coy. Pal. Vob. p. U 


tubulatua, Urns. (Poritos Sil. Syst ), | 

Fobs. 19. f. 1 ; PI- 39. f d 

? diBiK)id<Hn» (Poritm, Sil. Syat ) PI. 39. f. 1 

lAwnferla. la-na ' 


LABKCIUA<\..a.a -,r I.’- 

U>NHDAi.KiA\\VnbK’koinua, 

.Monticiui'oha ^Nobulijami) IWrhanki, lulw., 

Bril. Fob Cor. p. 26H . .. 

explanat*. M Co^Pal. P- ^ 

Wiioaa- Phil Fobs, 11. f. 22 


f.TuK»Ha, Phil ^08^ 

FleU'heri, M.-Kdw. Pi I 9 
Icma. M-Coy. Fobs. 13. f. 13 


LlandoTery. 
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SuBKiNODOM AN NU LOS A. 
Province Annuloiba. 


OUm ECHUrODERMATA. 


AcTlNOCmNU 


INUB pulcher, Salt. Pal. Fobs. App. p. i 

Wynnei, Bail. G. S. Irel. ExpL Sh. 145. 


p.lO. f.l I ! « 

Aoelacrinvh Bucliianus, Forben. Fobs. 33. f. 6; I « 

AriocvBTiTEHpentromitoideH, Forbes. F088.5S.1.4 1 

CiiKittocRiNUH serialiB, AuHtin, MS I 

sp. with branched arms (0>11. Fletcher) I ^ 

ConiiKUH QubiuB, K.onig. (Marks of Crinoidea.) I 1 

PI. 12. f. r> 1 .... ! 

CnoTAiiOCRiNrH rugOBiw, Mill. PI. 13. f. 5; 1 1 

Foss. 66. f. 4-7 L 

Cyathochiniis arthriticus, Phil. PI. 14. f. 7 j * ' - 

oapillariH, Phil. PL 15. f. .3 ! f 


BudlovenHis, Austin, A.N.Il. 1843, p. IDii , 
gonicxhictyluB, 1‘hil. PI. 14. f. 3 !. 


CTCLOCYBToinKH Bavisii. Salt. Canad. Geol. Surv.l j 

Dec. 3. pi. \()bi». f. H ' ' ■ 

Marntoni, Siiltt^r, MS > , « 

Dimrrockinvh deciMloclvluH, Phil. PI. 13, f. 5.. i.. , 

i(K>Hidad}'luH, Vliil. PI. 13. f . 4 

EniiKocYHTiTKH ])oniuni, Thomson, Edin. K.Ph.J.; { 

IHCl , p. m, j»l. 3 . f. 1 -3 ; id. 4. f. 1 -1^1 , 

iiva, Thomson, ibul. pi. 4. f.4, .*» 

KciiiNo-Em'iuMTKHHnnutuM,F<»rlx'H. Foss.86.f.(i ... 

baiviituH, Forlx^, Fobs. 65. f. 5 

EniiNOsniAEKiTKs urw'hiioideus, F<»rbeH, M. O. 8. 

ii. p. .'’ilH .... * 

BalthiruH, Kichw. Fobs. 33. f. 1 • 

Davisii. M'Coy, Pal. Fos. p. (il « 

gronatuH, Wahl. FoSB. f. 5 ' J.. .. i « 

granulatiiH. M'Cov. Foss. 33. f. 3 ; j ' » 

ENALiiOTKiNrs punctatufi, ILn. Ijctli. Suec. j». - 

i£ucALYi*TorRiM’H dtvorus, Phil. PL 14.^2-. .. ' I i.. .. 

grniiulatuH, Ia'WW, Ixmd. G. J. i. pi. 21 .. !.. .. ' 

polydactyluB, M’C<»y, Pal. Fos. p. .'*8...' | !.. .. 

Glyptochim'h? lianaliB, M'Coy. Foss. 32 ; « 

ex)iaiuiua, Phil. PL 15. f. 1, 2 1 . ... .. .. 

la'Yia, Port 1. Geid. Hep. p. 345 j I * 

Hp. PtlO. f.l I I. ... \ .. 

Hemicobmiticb oblonguH. Pand.?, M. G. S. ii. i*. 51 1 i | i « 

pyrifonnis, Buoh. M.G, S. ii. p. 511 ...! : ! « 

rugntuB. Forbes. Mem. Geol. Surv. vol. ii.j 1 

pt.l.p. .*kl2 ' I I * 

•quaniosuA Furbea, M. G. S. ii. p. 510...! ) * 

ilcHTiiYOCRiM s pvriformis. Phd. PL 14. f. 8 ‘ | 

ILErinASTERGrayi, Forbi»a, M. G. S. Decade 3. pi. 1 

MAraoBTYUH'Riivs (Hall),Hp. .. ; 

MARSUPiCK'Kisrs cadatus. Phil. PI. 14. f. 1 ; , i 


Marsupioc'kixvs cttdatus. Phil. PI. 14. f. 1 ; 

Fobs. 56. f. 1-^ ' 

PaljBASTer asperrimus. Salt Fobs. 34. f. 2...... 

Caractaci, Salt. Cat Muk. P. G. p. 30 . . 
coronella. Salt. Ann. N. H. •. 2. xx. p. 320 
hirudo. Forh»»s. FoSS. 57. f- 2 ‘ 


Wenlook. 






pALJLkSTXE iiubricfttiui. Salt M.G.S. rol.iii. p.2S9, 

pi. 23. f. 8 * 

obtitfiiH, Forbcvi. Fon. 34. f. I * 

ButhTi*ni, Forben. FoM, 57. f . 3 

PAUSCHiNrs ? Phillipaiic, Forbea, M.G.S. ii. p. 384 * 

PALiEocoMA Colvini, Salt. FOM. 20. f. 4 

cyRnipws Salt. Ann. N, H. h. 2. ix. p. 329 

Manttoni, Salt. Fou. 21. f. 3 

(Bdellaooma) TerniiforniM, Salter, Ann. 

N. H. Mr. 2. XX. n. J129 

PALAtoDiw’i's ferox. Salt A. H. h. 2 xx. p 3;W, 

PALAjrrKHiSA prinueTa, Forbea. FoM. 57. f. 1... 

PtRiEcnocKisrH, sp ! a 

ariiculosuA, Aunt. Ann. N. II. 184.H, p.2tM' 

monihforroiii. Mill. PI. 13. f. 1. 5 ! I * 

PisocRiKi'j^? ornatiip, K<*n. Hull. A<'. Unix. iv. p 93 

pilula, Kon. Bull. Ac Brux. it. p.93 | 

PLATTCRisrH retinriuR, Phil. PL14. f.9 1 

jPi.isrRiM YtTirr.^t Ru^ri. Salt., M.O.S. iii. pi. 23.f..5' a 

iPROTAPTr-K leptoxomn, Suit. A. N. H. h. 2. x\. p. .'Jill | | 

I Miltoni. Salt. Fob*. 21. f. l. 2 | I 

j ?(Tipni«/<t<'r) Snlteri. Forbeti, M.G.S. iii.[ 

I p. 2S.3 i ! a 

! Sedifwicki. FopIicp. Foss. 57. f. 4 i j 

jPRrjJonruTiTM Hi-tehm. Forbep. FoBB. 66. f. .31 

Ppei’docri.site.s bifnMMatus. Peenv, M,G.S.ii.p.4‘.H» 

majfnifit’up. Forbm. FoBB. 55. f. I 

obhmgUH, Forbid, M<*tn. O S. ii. p. 4‘K) 

quwlriftuKMatiiH, IVyiiw. Fobb. fe. f . 2 

RnonoCRiM's? quinqunn^uilariH, Mill.C'riii.p. lOO; 

! Sil. SvMt pi 18. 1‘. h a 

jRiiorALocoMA pvroUx'lmica, Salt. A. N. II. s. 2. xx. 

' p. 329 

|SA(ir.?«»CRisr.- i'q»juiU \w.AuHt A.N.Il. 1843,i).205 * 

JSnijcRO.'iiTEA Litrhi. Forht*H. M. G. S. ii. p. i)I4 L .. « 

) niunituM. Forbefl. FoBB. 33.f.4 • a 

purntMtus, ForlMM. Fobs. 33. f 2 j. . a 

pynformu, FitrUn, M.O S. li. p. .MTi ' # 

ptcllulifoniM, Balt M. G. S. iii. p. 287, pi. j | 

29. f 9 (Kchiri«-Mj>lia'ritc'H auranliiiin. I ' 

Forbe*. M G. S li. p. .’il<», pi. 22. f. I ) I . a 

Taxocrixcb Orbijfiiyi, M C(»y. Pal. F<«. p. r»*3 * 

aimplex. Phil. Sil. Svit. p. 973, pi. |H. f. 8 ' 

triHM^nioontadaolvlua, Him. PI. 14. f. 4. .... j- 

tubrrculatuM, Mill. PI. 14. f .5 . . . | • .. | ... 

Tetramerocki.xi'm fornnaiUM, AuMt. A. H. 1843.1 j 1 

p.2U3 a? 


SuBKixQDOM AN NT LOS A. 
l*rovince Annulata. 

Claaa ANNELIDA t. 


? Aphrodita. Port! Grol. Rep. p. .392 [Sponge?] • ; 

iARERicoLiTRB linearU, Hall (Soolithuaj. FoBS.4 ; a j } 

I t 8oa»e of th« Barrow'iurks and Traila here rrCrrrwlj j I j 

lU) AnaelkLra w^re probabiT ditf to CruMaoea. Seven] i | i 

^ve forraerlv been regarded aa Sea-weed*. ’ » 
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OiiONDEiTES acutan^Iu8, M‘Coy, Pal. Fos. pi. 1 a ; 

M. a. 8. iii. p. 2112, pi. 3. f. 4 , pL 4. f. 13 
informin, M‘Coy, Pal. Fob. pL Ia; M.G.S. 

iii. p. 2112 

regularin, llark. Q. J. G. Hoc. ix. p. 473 
OoRNULJTJCH WirpulariuH, Sclilot. PL 16. f. 3-10 ; 

PL 10. r. 2 

CuossoponiA lattt, M'Coy, Pal. Fob. p. 130 

Scotica, M'Coy. Foss. 42 . f. 4 

Cruziana Beniiplicata, Salt. M. G. 8. iii. p. 291, 

pl.3. f. 1-3. PoS 8.5. f. 1-3 

llELMINTnOIilTRR, Sp. Q. J. G. Soc. XV. p. 380, 

pi. 13. f. 28 

Lumbricaria antiqua, Portl. Gktol. Kop. p. 301... 

grcmria, Portl. Gcol. llep. p. .‘Kil 

MlYUIANITKh Macleayi, March. Foss. 42 . f. 1 ... 

tonuiff, M‘Coy, Pal. Fot.. p. liK) 

Nkmkktiteh Ollivantii, March. Sil.SjKit. p. 701... 
Nerkitek CainbrcnHiH, March. Foss. 42 , f. 3... 
maltiforiH, Hiirkn. Q. J. G. 8. xi. p. 470. . . 

Biylgwickii, March. Foss. 42 . f. 2 

Palaeociiori>a major, M‘Coy, Pal. Fob. pi. 1 Af.3 

Miiaor, M‘Coy, Pal. Fob. pi. 1 a. (’. 1 

toroB, Ilarkn. Q,. J. G, 8. xi. p. 474 

?rvmT 0 KRMA fa»ciculaB, M'C-oy, Pul. Fob. p. 10 

8ai.tkuei.l.a MucCullochii, Salt. Foss. 28 

8coi.kcoi»kuea uatiqiiiHMiina, Salter, Trau». Mai* 

vera Nat. Club, pt. I 

tuborculaUi, Salt. M. G. 8. ni. p. 293, 

pi. f». f. 24 

SKurUMTEH curtan, Salt. Mcni. G. S. li. p. .‘t'W 

diB)mr, Salt. Pal. Fob. App. p. i 

iiatula. iloll, t^. J. G. SiK'. xxt. p. lt)2 .. 

longiHBiiiiUN, March. PL 16. i . 1 

jM'rvcrBUrt, M’Coy. Q.J, G. 8. ix. p, 1,^.. 

Si'iuoiiniH Ijfwisii, Sow. PL 16. f. 2 

Tkntacitlitkn AiiglicuK, Salt. PI. 1. f. 3 ; 10. f. 3 ; 

Foss. 13. f. 4 

ormituB, 8t)w. PL 16. f. 11 

Umui.^ Sow. PL 16. f, 12 

Traciiydrkma ooriacca, Phil. Mem. G. 8. ii. p. .lOl 

la^vis, M‘Cov, Pal. Fos. p. l.’k’t 

aqiuuuoaa, iMiil. Mem. G. 8. ii. p. .‘k*> 

Triciioidxs auibiguuB, Uarku. Q. «) . Q. S.xi. p. 474 



SlTBKINGPOM AN NU LOS A. 


I 

! 

i 


i I*rt)vince AnTicri.AXA. | 

CUM CRUSTACEA t. j j j 

XciDABTiB Barraiidii, Flcich. Foss. 65 . f. 9 L... < . ...j.... 

biBpinosa, M'Cov. Foss. 48 . f. 0 '....{ ♦ 

Brightii, Mun 4 i; FoSS. 65 . f. 8 ; P 1 . 18 . I 

f.7, 8 i « • 

calliparooB, THotob. G. J. xiii. p. 208 | » 

Caractaci,8alt.G.Jjdii.p.211,pl.0.f.l;>-17 1 > * 

t SubgrnfJric aaxneB are oiiutt«*d here for want of room,! I | 

and they are imrrly uted in the text. i 
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jAciuAttPis coronaU, Salt. O, J. xiii. p. 210 | 

crenata, Emm. N. Jahr. 1^45. p. 44 ( 

dama, FieU-h. and Salt. MorriaGat. p.90 

’ dumet<Ma, FI. and Salt. Morr. Cat, p.lM» 

hystrix, Tboms.U.J.xiii. p.207,pl.t».f.t>- 10 

1 Jaiiipflii, Salter, Dec. 7. pi. 0 ! 


lAtlaf^c, TtK>niH.Q.J. xiii.p 200, pl.O.f.l-^:. 
qiiinqucapinotta, Fletch. and Suit. Morris 


I qiiinqucapinotta, Fletch. and Still. Morris 

i Cat. p. tn) 

binodosa. Salt. F08S. 9. f. 0 ' 

caligino8a,Salt. M. <i. S. in.p. 31S, pi. ll.j 

f- 10 ! 

grand IS. Salter. FoM. 10. f. 0 1..... 

I major. Salt. Dec. O. S. 7. pi. 10. p. 4 .. 

I niimbili.'*, Forlu’s. Foss. 29. 1‘. t*l . . i 

iAcJXosTi " J>au<lis, Salt lint. As.s<k‘. R^'p, ISim.; 

I p 2.S'» a 

j limhatiiM, Salt. M.S. (tnnoduN, in part,! 

.M. (». S. vol. n. pt. I pi. 8. f. 1 1) . . j 

Miweoii, Siller (pisjforinis, Sil. SthI.).! 
Foss. U. t PI. 3. f 7.8.. . *.. .. 


Morel. Salt. M (J. .s l)e<*. 11. pi. 7. 1. 1*1' 

pnnn'p-*, S;ili. Foss. 5. f. 4 ; 10. 1*. 0 

45. 1.4 1 # 

seutain*. Salt Ur. Assoe. Hep. l80r),p.28r)! « 

tnn<Mlns. Suit. FoSS. 46. f . 0 

tnjHvtus, Salt. M.Ci.S. l)»v. 1 1. p. 10. pi. l.| 

f. 10 # 

I n. sp.?. Foss. 10. r. 10. p. 53 .. 

AMnitoN lieiievoleiiw, Salt. Moriogr. ilril. Trilob.' 

, pi ti f ;u I 

jmu|>er. Sail. ilnt. Triloh pi. (’». f. .*12...' 

jiM-ndeurtuniUtuH, l*ortl.<*«Mil Kep. p.2t0 

Am I’YX iimiiiiiiilintut*. .Sar«. Ibid p. 201, pl.l ii. f.I, 2 

nudui*. Mureh. Foss. 48. t. 7 , PI. 4. 

t*. 0. in 

|mrtulu«, Fnrl>es, Mem. (J .8 ii. p .'k'lO 

j )M’niiatUH, Salt. Cat. Font*. M. p.4 ... 

1 pnrnuntnu, Salt. Foss. 45. f C | 

j n>stnilu«. Sars. Portl. <1. K. p. 200 1... . 

j tumidios, Forlx-*s, Dw. <J S. 2 

.\.on:ri,fNA Stxlgwiekii, Salt* FoSS. 10. f.2.A45. f-'i 

,Anoi‘<*le.m> llenriei, Salt. Q. .1. 0. Soc. xx. p. 2.’10, 

i 111. 10. f, 4, .'i; xxi. p. 481 • 

i Salteri, lliekn, Q. J. (J. Soc. xxi. p. 478, 

! p. 48], wi^ideuu f. 1 ff 

jAsAPurs affinis, M’Cov. M. O. S. iii. p. *iiO, pi. 8. 

I f. l.'i; pl.J:} r 4 , Salt. Mon. Hr. Xrilob.' 

I p. 104. pi. 24 I l;j, 14 ! 

I Doluiy. Foss. 219. f. 1 ' 

Homfrayii. Salt. FoSS. 45. f. 0 '.. .. 

, hybridus, Salt, Mon. Brit. Trilob. p. Jo3,! 

' f.8 0. p.4 .. .. . I .. 

latk'OMtatus, Green. Pal. Fn*» p. 170 ,. .. 

Marntoni. SalL Mon. Brit. Triiub. p. Oi,; 

: pL 23. f. 1 ' 

peltastea, Salt. Mon. Brit. Triiob. p. 162, 
pi. 22. f. 1-4 







8ILUBIA. 


M6 





Caradoo. 

1 

I 

Wenlook. 

1 ^ 


AsAravs Powifii, Murch. FoiB.46.ri ;PL2.f.2 
radiattu, Salt. M.G.S. iii p.31 1, pl.23. f.7 
roctifronA, Portl. Geol. Hop. p. 298, 

pL 9. f. 1 

ecuUlis, 8alt (A. licvioepA, Porti.) Mon. 
Brit. Trilob. p. ir»9, pi. 25. f. 2, 3 ... 




« 

« 

« 



1 

trrannuA, Murck. FoM. 11. f. 1 ; PL 1. 
f. 4 6; 2. 1‘. 1 






i 

AfiTAConsaMA bicuspidatum, declinatuin, planum, 
remiforme, serratum, spinosum, ier- 
xninalo, triangulare, unaulatum, Har- 
ley* Q- J* O’, fixj. XTii. p. 542, pi. 17... 

Barbamdia Coi^ai, M‘Coj. Salt.Mon.Brit.Trilob. 

p. 142, pi. 19. f. 5 







i 

1 

» 

! 

•i 

longifrons, Edgoll. Salter, Mon. Brit. 
Trilob. p. 179, f. 42, 43 


« 





i 

Portlockii,* Salter, Decade Geol. Suit. 2. 

pi. 7.f.l,2,G,7 

niaiana, M‘Coy, Brit. Pal. Fos. p. 149, 

pi. 1. f. 2 

Bktriciiia aillniA, Jones, Ann. N. H. 0.2. xTi.p.l70 


« 

« 

» 





i 

conipliaata,Saft FM.Urr.lU*;46.f.7 
Kloedoni, H'Coy. Fom. 64. f. 4 


« 

« 

« 


* 

1 

* 

ailiqua, Jones, Ann. N. H. s 2. xvii p. 
WiUiktMisiana, Jones, ib.p.89. PL34.f.21 

TTitutrnipiia PriHl 






» 


i 

1 




tt 


latirauda, Wahl, Nov. Act. 8. )>l. 2. f. 7. H ' . . 

Calymkmr Blumenbacliii. Brong. Foss. 13. f. 1;| I 

PI l*? f 1 • IB f 10 1 .. 

« 

• 

• 



— var. AlljAuliaiia, Salt. Mim. Tril. p. t^T) 

— Caractaci, Salt. ibid. p. iMJ 

brevicapitata, Portl. FoiS. 11. f. 9; 
46. f. 4 





... 

... 

» 

* 

1 * 


• 


— var. OonibreuaiH, Salt. M. G. S. vol. iii 
p.32(>, pi 17. f. 13, 14 

1 







duplicaia,* Murch. Foss. 11. f. 10; 
PI. 3. f.tS 


* 






obtuaa,' M‘Cov, Sil Kos. p. 54 

* 







parv'ifroiia, Sallt. FoiS. lo. f . 4 

parvifrona, var. Murchisoni, Salt. Mon. 
Sil. Trilob. p. 102, pi 9. f. 20-28 


« 

L 





i 1 

iu^nculosa, Salt. *FoBS. 64. f. 2; 
PI. 18. f. 11 

1 





« 

CARTOCAEis^>ishtii, Salter ,Q.J.G.S.xix.p. 1 37.f. 1 f 
Cbeatiocaris cassia, Salter. A. N. H. ser. 3. vol v, 
159 

1 

t « 

i 


1 

1 

* i 

docorua, iniii. M. G. S. vol. ii. pi. 30 f . 5 

t 




(4- Leptoclieles) ellipticua M^oy, Pali 




i 

« 


enais. Salt. A. N. H. ser, 3. vol r. p. 15t» 

M‘r'ny^ P»l. Fos, p. lllf 1 

! 





» 

' * 


insperatus, Salt. M. G. S. iii. p.2ti5. f. G 

latus, Salt M. G. 8. iii. p. 57. f. 5 

leptiodaetylu*, Pal. Fos. p. 175 

; • i ! 

L*J 1... 


1 

j , 

• « 


l^urehisoni, Ag. FL 19. f, 1. - 1 

papilio, Salt.. Fom. 66. f. 1 

roDustua,Salt. A.N.H.Ber.3.Tol.T. p. 158 

! 

i 

i 

1 

1 

! 


L. 

* 

« 

« 

>: 
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|CRRATiocARr9 8tTgtua,SaltA.N.H.iter.3.Tol.T.p.l56 ♦ 

▼esica.'^Iter. ibid. p. 159 # 

|CiiKfRrKr8 bimucronatuR. Mum. FoM. 6S. f. 4 ; 

1 P1.3.f. 5; 19.f 10, U » « « 

cancruruA, Salter, Pec. G. S. 7 ♦ 

riarifnm*, Daini. Fon.48.f. 1 * 

Frederlri, Salter. FoM. 45. f. 7 # 

ffelamn(MU8, Portl Oeol. Rt'p p 2S0 # 

> juvonis.Siilt. M O.S. m,p.32;i.pl.58.f.l,2* # 

: ocfolobatun, M‘roy. Pni. Fo« p. ir»4 # 

Sedffirirkii, M Ct»v Pal. bW p. ir>5 # 

CoRocoRYniK abdita, Salter, M. G. S. iii. p. 30(>. 

’ pi. 5. f.3 » 

j applanata. Salt. Brit. Ahroc. Rep. I8<i5, 

; p- 2K5 « 

b«fi» llicka, ibid^). 2H5 * 

depreewi, Salt. FoM. 0. f 2 A 45. f K ♦ 

, hunicrom. Salt. Brit. A«. K<*p. IHtiT). p. 2K.'> • 

' inriUi. Salt. M. G. S. ui. p. JKK’i, pi. *4. 

I f. 5 7 ; pi. 7. f. 1 ; IW. 1 1. pi. 7. f. 0. 

Fom. 8. f. I « 

? olenoi<i<><i. Salt. M. G.tS iii p .‘klH.pl.H fO a 

Miniplex, Salt ibid. p. JUKI, pi. f. 17 t 
variularm. Salt Q. J.G.S. xx. pi. 1.3. f. (1, 7 » 

TcriMiiiulm, Salt. Si O.S.iii.p.;jO8,pl,0.f.l.3 » 

Tovata. Salt ibid p. .‘107. pi. H. t. 7 a 

Oybkle ni^'ORa. Portl Geol. Rt^p p. 1102 # 

vcrruco.sa, Dalm. F068. 48. f. 2 ♦ # 

C’vpiiAsriK inocnlups, M’Coy. Foss. 65. f. 2 * I * I * I « 

I prgtiupua, iSaltt'r, Ibv. G. H 7 

iCrnioRiHCrs »i.K’ialm, Salt. Fo6S. 48. f . 8 

ICtprimsa, «*p. llHawell, Sil. Pentl p. 4*1, pi.. *1.1. 13 .... 

ICtthars ? AldenMB, M‘Coy, Pal. Ftm. pl.l i.. f 2 

! ? pliaii'olua. M‘Coj (not of lliainirer), 

! ? umbonata, Pal. Foa. App. p. ii 

CrTnEROPniJ* ?, up « 

Deipiioji Forheiii, Barr. S. S. B<ihem. p. 814 

IDuttocarih KanioRYi, Salt. O. S. M, Expl. Blicet 

i>i. -/.fa* 

j Sliiiioni, Salt. A N. II. IKtifi. p. 1(!2 

DiKELOCEPiiALrn CclticuM. Solt.M. O. S. lit p. .*)04, 

pi. fvf. 21.22 • 

diMsoidalin, Salt. ibid, pi 5. f. 18, 19 .. ^ a 

furca. Salt. ibid. p..'103, pl.O.f.4; pl.8.f.I0t j . 

IDioeide atra. Salt. M.G.S iii. p. 321, pi. 1 1 a. f. 9| • : 

DiKiKocARiB Browniana, H, Woodw. Q. J. O. S.l | 

' xiii. pi. 25. f. 7 ‘ • i j 

»E.«rcEiRi'RrM multioegmentatuA, Portl. Gecd. Bep., t 

1 p, 291 • I 

f punctatuB, Briinn. Fow. 15. f. 10 , 66. i { 

j f.5; PLlO.f.5 ! * * » 

j oexooRtatiu, Salt. Dec. G, S. 7. pi. 4 i « ! 

I TariolariB, Brongn. FoM. 65. f. 0 ; ‘ 

PL 18. f. 9 ; 

;£xTOxisdiriBa, Jonet, M.G.S. Expl. Sbeet32.p.l37 
! impendena, Haoweli, Sil. Pentl. p. 38,' 

pl3. f. 11 .1. 
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Bmtomis tuberosa, Jones, M. G. S. Expl. Sheet 32, 

p. 137, pi. 2.f.5 

BRTVifTi TenuloM, ferit. A)«oc. 1805, p. 285 # 

Buryptebub abbreviatus, Salt. Q, J. G. S. xv. 

pi. 10. f. 18 

aouminatUA, Salt. ibid. 10. f. 17 

cephalaspiff. Salt. Pal. Fob. App. p. v 

chartariuB, Salt. J. G. S. xv. p. 234 : 

lanceolatuB, Salt. M.O.S. Mon. I.pl.l.f.l7 1 

linearis. Salt. Q.J.G.S. xv. pi. 10. f. 1.5, 10 

megalopft, Salt. Q.J.G.S. xv. pi. 10. f.9- 14 1 

pygmcuus, Salt. Foai.67.f.l I j.... 

Habpeb liorani, Portl. Qeol. Rep. p. 207 ♦ 

Flanagani, Portl. Foss. 48. f. 4 » 

parvulufl, M'Coy, Pal. Poh. pi. 1 l. f. .3 1 * 

fiRMiAsris limuloidos, H. Wcxxlw. Q. J. G. S. xxi 1 

p. 400, pi. 14. f. 7 1 

IIoLOCEPiiAiiiNA pnmordialis, Salt. Q. J. O. Sof. j 

XX. p. 2.37, pi. 13.f.0 # 

iroMALOMOTrsbifliilcatUH, Salt. Foss.l0.f..5;13.f.2 . ...’ » # 

cylindricuA, Salt. Mon. Tril. p. 11.5. 1 

nl. 11. f. 12 1 ; 

deipbinoeepbalus, Green. Fo8B. 17. f. 1 ! 

Edgelli, Sait. Mon.'lVil.p. 10H,pl.lO.f. 1 li .... !. .. # 

Johannis, Salt. Mon. Tril. p. 1 17, pi. I2.i I 

f. 11 ; pi. 1,3. f. 1-7 1 ' 

Knigbtii, K<inic. PI. 19. f. 7-0 1.. . ...I 

Ludeiiflis, Salt . Mon. Tril. p. 121. pi. 1 2.f 1 1 I . . . . 

rudis, Salt. Mon. Tril. p. lOO, pi. 10.! ( | ! 

f. 12-14 ' I # I 


Redgwieki, Salt. Mon. 3Vil. p 107. f. 2.51 j * 

Vuleani, Muivdi. Pl,2. f. .3. 4 , ' ♦ 

lIviir.NOCAiUH verinicnuda. Salt, Foss. 6. f. 1 ...i * | 1 

Ii.LAENorRis Tli<nnp«oni, Salt. M. G. S. iii. pi. 11 h.{ I 

f. 1, 2; Mon. Tril. p. 21,3. pi. 20. f. I , ; * | 

Illaemts n>mulu8. Salt. Mon. l>il. p, 1H7. pi. 28. f.,5; ........ i « 

Bailyi, Salt . Mon. Tril. p. 102, jd. 2S. f. 1 4j j * i 

Barnensis, Mureb. Fobs. 17. f . 2 ! i ' ' * # 

Bowinauni, Salt. Monog. Tril. p. 18,5,1 j j j 

pl.28. f. 0 1,3 I . .. : ! « ' # 

! earinatu».Salt.Mon.'l>il.p.20‘.t,pl.27.f.8.0 ! | .. I * 

DaviHit, Salter. FoSB. 46. f. - ! .... ♦ 

inaignia, Hall, Salt. Mon. Tril. p. 207.: * 

pi 27. f. 0,7. PI. 17. f. 0-11 ! « 

Lewiaii, Salt. Mon. Tril. p. 18,3, j»l 2C.f.2; .... * i 

MaecaUiimi. Salt. Mon. Tril p. 210. pi.! > ' 

28. f. 1 ; pi 30. f. 2. 3 ' 1 * 

Murehiaoni, Salter, Mon. Tril p. 20l. ' i i 

pl26. f. 1; piao. f. 7 i * ! i 

nexilie, Salt, Mon. Tril. p. 100, plilO.f.-l ,.5 < * 

Omaris, Salt. Mon. Tril. p.l08.pl.20.f. 7,8 ! « 

perovalia, Mureh. P1.4.f. 13,14: 213. f.7 .... * ! i 

Portlockii, Salt, Mon. Tril. p. 107. pl20. 

f. 3,4 ’ 

Roaeiibergii, Eich. Salt. Mon.Trilp. lOtt 

pi 20. f, 2-0 

Tnomaoni, Salt, Mon. Tril. p. 188, pi 28. 
f. 2-4; pi 30 . f. 8-10 i 



« 


I 

I 


t 


I 


! 
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jLKrr.KHiTiA, ip.. Ann. N. H. xrii. p. 91 

j punctAtiwima, Salt . i^buprcHtin, Br. Asaoc. 

j Rep. p iH')) 

j Solvensis. Jonea, Ann. y.U. xvii. p. 95. . . 

iLirHAa Anglieuii, Bt'vr. Foss. 64. f 1 

Barraiuiii, Viet eh. Fo0S. 64. f. 3 '. 

j Orarii. Flcteh. G. J. vi p. 2.‘t7 

j hirautufi. Floteh. O J. m p 

laeiniatiia. Dalm. Pal. Fi»# App. p. ir 

j laxHtiia, M'Cot. Fq 68. 46. t 5 

noduhifliiH. Salt Pal Koa. App p. jv. ...j. 
patrian'huH, Etltfell Geol. Ma#;. iii. p. 
SalUTi. Fleteh Q .1 0.8. vi. p. 237 ...j. 
pp ( verrue<»au*, Salt.), M. O. S. ii.p. 
iLiXii LOCAKif* Inipulfteoim*, M’Coj'. M. 0.8. iii i 

j p] in. f. 1.2 

‘MirHoniarrH ptinetatu.**, Salt. Q. J. O. Sm*. xx.' 

j p. 2.37. pi. 1.3. f. 1 1 i 

(.ViniiF. IIoiiifni>i. Salt. Moiid^r. Brit. Trilob.! 

i p lU pi. 29. f..3-l2 1.. 

Oi.YfJiA angtiatimuiiiA, Salt. Monojjr. Brit. Trilob.| 

p. 129. pi. U. f. ’.. 

Burhii.Bronffn. FoMai.f.2; P1.3.f.l,2 

biillinn, Salt. Mim Tril. pi, 'St*, f. r> 

C'onulciMK*, Mureh. PI. 3. f. 4 '. 

peluita? Siili. Mon. Tril. pi. 17. f. K-IO.. 

Port)<H-kii. Salt. Fc 388. 11. f. .3 L 

ikMitAtrix. Salt. Foss. 10. f. I !.. 

SelMuiii, Salt. M. O. 8. i i. p. 31.3.j 
Fm. 10 . r. 8 

|Oi.r.M> alatiiN, Ihy'k I .Anceltn. Pal. Suee.pt. 1)., i 

bimileatuH, Phil. F088. 7. f. 2 | 

eAtanMiew, Salt. Fo88. 45. f. 3 1 

(la^elUftT. Salt. M.G.S. »u. p. .'MU, pi. it ' 

f. 9 i 

ImiiuitH. Phil. Foss. 7. f . I ' 

im{iar, Salt. M G. S. lii. p. .‘M)2, pl.s. f. 4 .. 
luieruruA, Salt Foss, 5. f.2; A45.f.2 
j>M*tei», .Silt Itfcwh* G. S. 11. pi. 8., 

f. 12, 1.3 1 

Hearabjrouh'^.Wahl { C). ApiTiul<>HMH,Phil.; 

var obePUH, Salter. FoSS. 7. f. >3 
pormlUH, Salter. I)«*e. G. S 11. pi. S. f. 
.Pakahoxioks auruni, Salter, Rep. Brit. AawK’. 

I isTwi, p. 28, ■» j 

j Bavulis. Salter. Foss. 45. f. 1 ! 

Hiekriii, Salter, M. H. S. iii. p, 21ttt, pi. 4. 

f. 12. Foss. 6. f. 2 1 

'Pabka decipiena, Flem. (Kgsa of Pter^gotua) .. 1., 
jpELTOCABiH aptvchoidca, Sdt. Q. J. O. Soc. viii.' 

p. ;i6l, pL 21. f. 10 ; xix. p. 88. f. 1 L 

Harkneeai, Salt. ibid. xix. p. 89. f. 2. ...j.. 

‘PiiACOpa aJifrons, &lt. Pal. Fo«. .\pp. p. ii i, 

j amphora. Salt. Dee. G. S. 7. p. 12 

apiculatua, Salt. FosS. 14. f. 3 

; HaiJyi, Salt Monogr. Brit. Trilob, p. 44,| 

: pi. 6. f. 21-24 . 

Brongniartii, Portl. Gool. Rep. p. 282.. . 



Ludlow. 
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PiiACOPs Buoepbali, Wahl. ih^p. 2/i8, pi. 1. f. 6 

caudatuB, Briinn. H. 17. f. 2; 18. f 1 

oonophthalmuB, Beck. FoflS. 48. f. 3 ; 

P1.4.f. 11, 12 

oorutrictuH, Salter, Monogr. Brit. Trilob. 


p. 27. pi. 2. f. 13-16 

Dfumanni, Portl. Geol. Rep. p. 282 

Downin^v, Murch. FoM. 6o. f. 3 ; PI. 

18. f. 2 : and 6 varieties ; — a. vulgaris, 

Salt. ; p. macrops, ib. ; y. inflatus, ib. ; 

d. spinosuB, ib. ; C. cuneatus, ib 

? imbricatulus, Angelin. Salt. Mon. Tril. 

p. 48, pi. 4. f. 10 

Jamesii, Portl. Geol. Rep.’p. 283 

J ukosii, Salt. Doc. Gh. S. 7. p. 1 1 

longieaudatus. Mure!) . PI. 17. f. 3-6, and 
varr. armiger & Qrindrodianiis, Salt. 

Monogr. l^lob. pp. ftd, 57, pi. 2, 3 

macroura, Sjogren. Salt. Mon. Trilob. 

p. 37, pi. 4. f 18-23 

mimus, Salt. Mon. Brit. IVilob. p. 20, i 

pi. l.f. 35 • 

mticronatus, Brongn. T)w. G.R. 2. 1, p. 12 

Musboni, Salt. Monog. BritTrilub. p.23, 

pi. 2. f. 7-12 

Nicholsoni, Salt. Q. J. G. Soe. xxii. p. 480 * 

nudiis, Salt. Monog. Brit. Trilob. p. 23, 

pi. 0. f. 10. 20 

obtUHii^udatuH, Salt, Dec. G. 8. 2, 1, p. 7 

Stokosii, Edw. PI. 10. f. 0 ; 18. f. o 

BubduplicatuH, Salt. Mon. Brit. Trilub. 

p. Kl0.pl. 15. f. 7. 8 

truncatooaudatus, Portl. Fom. 13. f. 3 

Weaveri, Salt. Dec. G. S. 2. 1. p. 7 

PRIMITIA bioomis, Jones, A.N.II. s.2. xvi. pl.G. f.2il » 

oristata, J. & H. A.N.II. b. 3. xvi.pl. 1,3. f. 1 

matutina, J.& H.A.N.H. b. 3. xvi.pl. 13.f.7 

mundula, Jonea A.N.H. H.2.xii.pl.5.f.2.3; 

nana, Jones, A.N.H. b. 2. xvi. pi. 0. f. 22! * 

pusills, J.AH A.N.H.b. 3. xvi. pl.l3.f.ll! 

renulin^ J.A H. A.N.H.».3. xvi. pi. 13. f.5i j 

Bopmeriana, Jones A IIoll. A. N. H. s. 3 I 1 

xvi. pi. 13. f. 8 1 1 

Saltenana, J ones, A.N . II .s.2.xTi.pl.0.f.20j j 

semicordata, Jones, ibid. f. 21 ....' j 

seminuluin, Jones, A.N.H. s. 2. xvi. pi. 0.i | 

f.24 1 : 

simplex, Jones, ibid, pi 6. f. 25-27 ; s. 3.| j 

xvi. p. 10 ! .... ' « 

strangulala. Salt. QJ^.G.Soc. i. ; A. N. H.j 

b. 2, xvi^l. 6. f. 18 

tersa, J.AB(oll,A.N.H.s.3.xvi.pll3. f. 3 

trigonalis, Jones A HoU, ibid 

umbilioala, Jones A Holl. ibid. f. 2.......| 

Tiriolata, Jones A Holl, ibid, f.6 

Pttorres latifrons, M*Cov. Fon. 65. f. 7 j 

SU)k««ii, Murch". PL 17. f. 7 | 

PKOTicnxiTKs Sooticus, Salter. FoM.a4 1 i ♦ 



Ludlow. 






Ludlow. 






SILtJBIA. 


• 

Primordial 

Silurian. 

i 

1 

Caradoo. 

1 

SuBKiNODOM MOLL use A. 

Province Mollubcoida. 

ClMB POLTZOA f. 

Berrnk'EA lieterogyra, M‘Coy, Brit. Pal. Fos. 
p. 4,5, pi. 1 r. f. 17 - 



a 


Okli.epora lavoaa, Qoldf. Pet. p. 217 




Orkiopora afUnia, Goldf. Pot. p. 21B 

r . 


granuloHa, Goldf. PI. 41. f. 29 

i 

1. . 

oculata, Goldf. Fon. 18. f. 0 

i 


Ciadoorapmuh gracilia, Hall, Q. J. G. Soc. Dubl. 

1801, pi. 4. f. 5 


* 

a 

« 

! 

1 

j 

a 1 

linoariB, Car. Ann. N. llist. aer. 3. xiii. 

p. 24.f. 1. Fon. 90. f. 8 

Cmmacograituh bicortiia. Hall, M.G.S. iii. pi. 1 1 a. 

f. 1 


bullatue, Salt. Q. J. G. S. rii. pi. 10. f. 2 

i 


scalaris, Linn. Fo88. 12. f. 4.. 

ICoKYNoinKR calii ulariH, Nich. Gool. Mag. iv.pl. 

f. D- 1 1 

CvRTOGRAPsrM Murchinonii, Car. Foss. 90. f. ij, 
haniatus, Ikil}' ?, Q. J. G. 8oc. l)ubl.| 
pi. 4. r. () .. . 

iDKKDRoaRArHra furcatulus, Saltor, M.G. Surv. iii.l 

pi. 11 A. f. 5 

lout UK, Car. Foss. 90. f 5 j 

DiAKToroKA? oonsiniiliK ( Aiilupura), Lona. FoSS.' 

20. f. 1 ; PI. 41. f. 7 1 # 

irrugularis (Berenicea). Ixuw. PI. 41.f.2(>! 

DicnooRAi’KrK aranea, Salt. Q. J.Q.S. xix. p. l.'lT.f.lf ; 

Sodgw'ifkii, Salt. Fon. 90, f. .‘1 | ' 

DirKANouRAiTUK raiiioRUB, Boll. Foss. 90. f. 4| 

I)i(TYONK«A(GraptoiK)ra) 80 (jialo,Salt. FoB8.8.f.3.| « I 
DinyiioaBArKrK (IVtragrapsuK) brvontudes. Hall, ' 

Q. J.Q.S. lii. p. i;i7. f.8« ' 

caduccus, Salt. Gful. Joum. ix. p. 87 ! 

( TctragrapsuB) crucialis, Salt. Q, J. G. S.j 

xix. p.ld7.f.8A ! 

flaocidua. Hall, Mont>gr. Grapt, pi. 2.’ | 

f. 17-19; Gwl. Mag. iv. pl.7.f.2,3...| * 

Forclihainiiieri, Geinitx, J. G. Soo. Dub- 
lin, mil, pi. 4. f. 7 1 ’ 

E piuinua. Hia. Fon. 9. f. 8 1 

irundo. Salt. Q. J. G. Soc. xix.p.l37.f.l3j 

Mofiatensia, C^. Ann. N. Uiat. aer 3.! 

xiii. p. 25. f. 3 j 

Murohiaumi. Bock. Fon. U.f. 13; 12.! 

f.l»; PLl.f. 1 ! 

Mxtana, Hall, Fon. 12, f. 8 | 

iDirLOQRArsra acuminatua, I7ioh. Geo. Mag. jv.j 

pl.7.f. 16,17 1 ' 

baroatulua, Sait. M. G. S. iii. pi. 1 1 a. f. 1 ; ’ 

cometa, Goin. Verat Grauw, pi. 1. f. 28| < 

, t Th§ Oraptolitca ar« prorUtonaUj plaocd under thia, 
ttaadix^. althoofh thej probably balong to the Hydro-' 
jaoA (Zoophyt««y I j 








|I)iruKiRArsr« folium, His. FaMl.l2. f. 4*, (>...| 

! inucronstuR, Hall Pal. N. Y. p. j 

pennatui^ Harkn. Gtvl. Journ. rii. p. (>‘i, 

pri»tiB, Hi*. (Grnpt foliaceua, March.),' 

FI. L f. 2 ; Foes. 13 . f. 14 ; 

ierctiuAouluA, Hitu Focs. 11. f. 14 

triwmia Car. Ann. N. Hi^t. scr.3.p.2.\f.2' 

Whit fieldi. Hall Pal. N Y m.Supp.p.5I(>: 

iDiaropOBA antiqua, Lam. PL 41. f. 21 

; ?faro)«i. Ix)na. PI. 41. f 22 ' 

I KHianinta, lx>n8. PL 41. f . 23 1 

■Ehoiarin.^ 7 an^ulana. Lona. PL 41. f. 10 1 

Fi:MK.aTKLLA aaaimilis, Lons. Fobs. 50. f. 2;! 

! PL 41. r. 27 : 


?«ipiUaria, Portl. Ocol, Riq>. p 32.3 .. 
LoimlaU*;, d’Orb. Foei. SO.f. 3. (K.| 

prtHca. Tj4»na. PI. 41. t'. lo 

MiIleri,l/mH, FoSS.SO.f.l; P1.41.f.l7 

patula, M*Coy. Pal. F\>s. p, .30 

rr^dan.s. Portl Oc<d. Hep. p. .‘123 !• 

rctieulata. Ijon.s. PI. 41. f. 10 

ri|f)duln, M t’ov. Pal. Fo«. p. .’’>0 

flubantiqiia, d'Orb. Foes. w. f. 1. (^F. 

antiqua, I>on.H. PI, 41, f. 10) . 

undiilata, Portl. Geol K^q*. p. 322 ' 

Oi.AiTosoMic dmiieha, Goldf. Fosi. 50. f. 5; 

PI. 41. f 12 

Ok^PTOtiTiU M ll<x'kii, Harr. Foss. 11. f. 11. ! 

convolutua. H»h. Pul Fo«. p. 3; Portl* 

Ocol. IL'p. pi. lO.f. .3 ' 

('onThtwri, Purtl Q. .J. O. S. viii. p. 301 
Fleinin^ni, .Salt Journ. viii. p. 300. 
GneHfonenai**. Niro). (h*<il. Jour. vi. p, 0.3 ., 
Halhi. Hurr, (Jrupt liob. pi. 2. f. 1--1.3| . 
Hiain^en, Car (‘uorittariu'^. Ilia 7to» 

I Linn ) (le<jl Journ. viu. pi 21. f. H.. ! . 

j latui, M-Coy, Pul. Foa p. 4 . 

j Nilf«oni, Harr Geol. Journ. vii. p, 01 .. . . 

priixiun. llronn. (G Ludetinia. .Sif S\Ht. > 
Foes. 12. f. 3 ; 13. f 1,3 ; PL 12.' f . T . 
Sultcri. Ocin. Gwil Journ. in. pi 10. f. 1 . 

Sed^fwiekii, Portl FoSB. 12. f. 2 

tenuis Portl FoSB. 11. f. 12 j 

jflETKROpoEA? CTusaa, Lons. PI. 41. f. 14 ' 

PiiYLLOGRAPTLfi angiuHifoliiu,, Hull, Q. J. G. Soc.! 

lii.p. i;J7. f. 7. Fo«i.90. f. 7 i 

PiiYLLOPORA ? Uiaingen, M‘Coy. FOBB.28.10.. 
PoLTPOEA ? craatia, Lona. (llornera, Sil Syat. «! 

FqBe.50. f. 1, PL 41. f. 13 ; 

PEOTOTiEGCLAEiAdichotoma, M‘Cot, PalFoa.p.lOj 

IPtilodictta acuta, Hall. Foes. H), f . 2 . 

ooftellata, M‘Coy, Pal. Fo«. p. 46 

dichotoma, Portl. Fobb. 31. f. 5 

eiplanata, M‘Coy, Pal. Fm. p. 46 j . 

foooidea, M‘Cov, Pal. Foa. p. 47 .. 

lanc6olaU.Qoh!f. FOBB. 50. f. 6; Pl.41.1 

f- n !•■ 

•edpeUam. Lons. FaMk51;FL41.r.2.^ .. 
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Rabtbiteh Luiniei, Barr. Boh^m. pl,4.f.2-4 ♦ 

mnximuH, Carr. Fo88. 90. f . 6 # 

peregrinufl, Barr. Fo88. 12. f. 1 a 

Rstbpora ? infundibulum, Lons. PI. 41. f . 24 

Rbtioliteh Goinitzianus, l^rr. Foss. 90. f. 2 

venosus, Hall, Pal. N. York, ii. p. 40 


Subkingdom MOLLUSC A. 
Province Mollubcoida. 

CUUM BRACmOPODA. 


ATiiraiB comprowa, Sow. PI. 212. f . 22 ' 

? deprcssa, Sow. (RhynchonoUa). PI. 22. I 

f. 17 ! # 

obovabi, Sow. P1.22. f. 1(> 

Atrtpa Barrandii, David. Bull. Stw. G^l. Fr.nfr.2. I 

T. p. 332, pi. 3. f. 32 

?Grayii, Dav. Foss. 58. f . 3 ' # 

Hoodii, Bill., var. Anglica, Dav. Mon. Sil. | 

Brach. ]d. 22. figs. 1-7 • # 

honii8p]jaTica,Sow. FOB8.1S.f.4:P1.9.f.3 i 

imbriciita, Sow. PI. 22. f. 10 (part) ' i 

marginalia, 1 lalni. PI. 9. f. 2 ; 22. f. 1 0 . . . . | • 

orbicularis (var. of A. reticularis). Sow. 

P1.9.f.4,f) I 

reticularis, Linn. Fo8B. IS. f. 5 ; PI. 9. t 

f. 1 ; 21.f. 12, 13 ' .. 

CiioJflTES lata, von Buch. PI. 20. f. H ; 34 . f. IH . ‘ 

minima, Sow. PI. 20. f. IG * 

striatella, Dalm. (Ortliis) Sil. Spt. pi. 3 j 

f. 10ft; pi. 5. f. 13 j 

OraVia catenulata, Salt. G. S. Irel. £xpl. Sheet 

33 NE. p. 0. f.3 1 * 

craniolaris, M*Coy, Pal. Foss. p. 2.'».^> ! 

divarioata, M‘Coy. Fo68. 38 . f . 2 j # 

Gravii, Dhv. Mon. Brach. pi. 8. f. 22-24 i 


iinplioata. Sow. Dav. Mon. Brach. pi. 8. 
f 13-18; pi. 20. f. 4 


1. liV-lW; pi. :20. I. 

Sedgwickii. Lewis. Dav. BulL Soc. Gcul. 


Ft. Her. 2. v. p. 334 

I Siluriana, Dav. Mon. Brach. pi. 8. f. 10,20| • 

Discima oraam, Hall. Pal. N. Y. i. p. 2tK) 


elongata, Portl. Geo, Reii. pi. 32. f. 10 i ♦ 

labiosa, Salt. Br. Assoc. Rep. 18Gh, p. 283 « j 

Morrisii, Dav. Bui. S. G. FV. v, p. 334 

oblongata, Portl. Geol. Rep. m 443 !.. .. # 

pileoltis, Hicks, Brit. Assoc, ^p. 1805, I 

p. 2^> # i 

punctata. Sow. (Orbioula, Sil. Syst). j 

F08t.38.f. 1; P1.5.f. 17 • 

rugata.Sow. PL 20 . f. 1, 2; 35. f. 27 

Siluriana, Dav. Mon. Bracli. p. G. f . 8 ’ • 

striata, Sow. PI. 20 . f. 3 | 

Vemeuilii, Dav. Bui. S. G. Fr. v. p. 334 j < 

Lspt^bma raloarata, M‘Cot, Sil. Fos. pi. 3. r. 0 1 ' 

Fleteheri, Dav. Bull. Soc. G<k)l. Fr. v. * 1 
p. 319. pi. lU. f. 12 * 


Wonlock. 
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Primordial 

Silurian. 

Llandeilo. 

Caradoc. 

1 

Wenlock. 

Ludlow. 


lirriga^A, Snw. PI. 20. f. 16 





a 

a 








a 



oblongB, Pmndor Oool. Rum. pi. 15. f. 2; 



* 





quinquoccMtata, M‘Coy. FoflS. 34. f. 3 



* 





fCiMfifi, ^]t4*r, p. 210 




a 




serirt'A, Sow. Fo88. $3. f. <t ; FI. 5. f. 1 4 ; 








9. f. IH 


« 

a 

a 

a? 






« 





tenuirinctA, M‘toj Fon. 37. f- 4. .. 


« 

a 





tonuiMiitneslriata,M‘Co\, Pal. FoH.pl lii. 








f. 44 


a 

a 





tiunsvcrsallH, Dalni. (L. Duvalii, J)av. 








Bui. S. G. Fr.v.p.317.) P1.9.f.l7; 








20. f. 17 





a 











LijvorLA attfiuiata. Sow. Foes. 11. f. IH ; FI. 5. 








f. Hi 1 



« 






Ikvlici. Salt. DaT.Mon.BracIi pi l.f. 12.1.3 


* 






brerin. Port!. Orol. Rop. [). 44.‘l 


a 





oornm, Sow. Foes.^. f. 3; 25. f. H;' j 







PI. 34. f. 2 1 




.... 


a 

.a 

cruruenA, Phil. Foes. 13. f. 5 ! 




a 




curia, Conrad, Dav Mon. Brju*b.pl..‘l.l’..'l,‘l 








miiulata. Phil. Foes. U. f. lU ; 38.1.4' 


t 






lata. Sow. PL 20. f (i ! 






a 


Ix’wiiii. Sow. PI. 20. f . .5 

.... 




a 

a 


lon^Minia, Pand. ? Pal. Foh. p. 252 ... 



a 





minima. Sow. Sd. Syat. pi. 5. f. 23 






a 


olituaa. Hall, Pal. Vork, p. *.*■' 


# 






oraUi, M'Cov. Sil Foh. p. 24 



a 





pcvralUda. Phil M 0. S li. pt. 1. p. .370 




a 




i^”dt Q..I.O. Soc. XXI p. 101, f. H 

« 







liamu^i, Sail Foss. 11. f. 20 ' .... i 

« 






HlnaU, Sow. PI, 20. f 7 ' 


I 



a 


SmiioimUm .Sail. Dai Mon. Sil Bnu’h.' i 

I 

■ j 





pi. .-i. f. 7-17 . ! 



a 1 

a 

a 


iH]uamo«a. Holl, Q J.G. .Sik* xxi. p. 102 

• 



1 




U'liui^nulata, .M Cov. Foss. 38. f. 5. ' 


« 

1 




|Li!«i.ri.r.Li.A DaviMi. .M Coy Foss.5.f. 1. lO.f.l 1 

• 

j 


I 

! 



j lepirt. Salt. M.G S. ui. p. f 11 

• 

• 






uiifuicuius. Salt. Br.t. Ahhoc. R«*p. 


j 






Mkkihtklla anjnirtifronH. M’Cov (Rlivnchonolla).' i 



1 

1 




Foes.42. f. 2 



1 

a i 




Cirrt*, Barr, (Trrcbratula), Bull. Soc. 

1 


1 




Gtol. Fr. B#*r. 2. t. p. 320 

...i 

1 


* 



? oraHBa, Sow. ( Atrvpa)*. PL 9. f. 0-8 . . . 

! 

a 

* i 




fdidvma, Dalm. (6liyneh.). P1.22.f. 1.') 

1 


a 

a ; 

a 


?iurimta. Sow. (Rhvneb.). P1.9.f. 12, 13 

• 


a 1 

1 


nitida, Hall (Terebratula UcviuMcula.) 





! 


; Sow.). PL 22. f. 14 





a 


MacUrcni. llaawell. SiL Foe. Pent. HUla, 




; 




«1. 2. f. 16 




I 

a 



? euVmndata, M’Cot (Rhynch.), Pal. Foa. 








j p. 207 




a ' 




1 tumida, Dalm. (Atirpa). FL 22. f. 20 | 




1 a 

* 

a 


•Ni'CLBoeriaa ptaum, Sow. (Spirifer). PL 22. f. 7 





. 



1 

1 

1 

1 

I 

I 

1 








p. 385 

• 


1 ! 
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Wenlock. 





Oethis porcata, M‘Coy. Post. 36. f. 5 ^ 

! radians. Sow. PI. 5. f. 10 * 

i remota. Salt. Fon. 10. f. 13 a 

* rereraa, Salt, PoM. 49. f . 3 

( ruatica. Sow. Sil. Syst. p. 024 

a^pttifera, M‘Coy, Pal. Fo«. p. 227 * 

•pniirirculnris. Sow. Sil Syat. p. <130 ♦ 

■iTuplex, M'Cov. Sil. Fos p. Ih * 

sp rifcroidea, it'Coy. PoM. 37. f. 2 » * 

I strmtula, Emmons. Po88. 11. f. 10; 

i 33. f. 3 * 

! testiidinaria, Dalin. PoM. 13. f. 0 ; 

PI. 5. f. 1. 2 * 

1 triangularis, Sow. PL 5. f. 13 * 

trioenariu, Conrad. Hull, Pal. N. Y. i. 

: p i-*i * 

turpda, M‘Coy, Pal, Fo«. p. 221» • 1 * 

unguis Sow. PI. 5. f. 3, 4 * 

ACHpTtilio, Sow. Fo 68. 13. f. 7 , PL 6. 

' r 1 -:J * 

lOttTiiiKiKA as(vn<lens, Pand. M’Coy, Pul. F<)S.p.2.‘U I ♦ 

Stxjtica. M'Cov, Pal. Fo.h. p. 232 . * 

pEST.\MEKrM gal<>utU5, i)nlm. PL 21. f. 8. 0.. 


gliboeus, SoH. PI. 8 . f. H 
Knightii, Sow. PI. 21. f. 1' 


Knightii, Sow. PI. 21. f. U^ var. f. 11 

linguifer. Sow. PI. 22. f. 21 

oblotigus. Sow. Fo8S.15.f.2; Pl.8.r.l 4 

— var. (P. lajvis, Sow. Sil.Syst. pl.lO.I’.lh 

rotundua, Sow. PI. 22. f. ‘S 

undatus.Sow. FoBS.14.f.»*». P1.8.f.r>-7 

PoRAMiio?iiTi>? C’n|H*we'li, Dav. Po8S. 68. f . 0 

intrrwU'tiM. J'and. Ibdtr. pi. Il.f. 2 

Rrtxia ?liarrandri. Dav. Hul S. O. Fr. h. 2. p. .'Ki2 .. .. 

liayltn. Dav. PoBS. 57. f 

Boui luirdi. Dav. PoMl. 68. f. t 

8alU*ri, iMv. Pom. 68. f 7, H 

RiiY.«<'tio)K£Li.A borealis, Stdd. n. 22. f. 4; var. 

f. '» 

runeata, Dalm. 22. f. 8 

Davidsoin, M Coy, Pal. Foh. p, 2<HJ 

dooeiiiplH'ata, Sow. PI, 9. 15 

deflexa, S<tw. PI. 22. f 10 

Lewisn, Dav. PoM. 66. f.2 

Llandovoriana, Dav. (serrata, M*C<»yj. 
Pom. 49. f. 1 


naauta, M‘C«y, Pal. Fos. p. 203 

navicula, Sow. PI. 22. f. 12 

neglecta, Sow. PL 9. f. 14 

fiucula. Sow. Pom. 68. f. 1 ; PL 9. 
f. 0. 11 ; 22. f. 1, 2 


obtusiplicata, Uall, Pal. N. York, p. 2^10 . 

Pomeiii, Dar. Bull. S.G.Fr.aer.2.T.p.330 j. 

aexcostata, M‘Coy, Sil. Fos. p. 41 , 

•phAroidalis, M‘Coy, Pal. Fo*t. p. 206 !. 

Stricklandii, Sow. W. 22. f. 11 

! tripartita. Sow. PI. 9. f, 10 

WiLjoni, Sow. PL 22. f. 13 ! 

SiPHOsoTECTA Anglic*, Morr. PoM. 68. f. 10 j. 





SILUBIA. 


isiPMOKOTRETA micula, M'Coy 


PoM. 11* ; 


SPiBifKE bijugOHU^ M^ot, F<M.IreL p.^ . 

plStaUu»,Linn. |L’ Fr 

iulmtu., Hi». Bay. Bull. Ofol. i>r. 
»r. 2 .T.p. 325 ,pl. 3 .f .41 ....^ 


SraicBLAKDiaU kna>w.(P»nUmem). FoM. 






appUnatai Sait M._fl. S. ii. P- 330 

arniacea. Salt, p. ^0 • • • • ■ ^ • ■ y 

cjomplanala, Sow. S^. byst. P* •• •■ 
coniprMHa, Sow. POSS. 1®* • » 

fonwntriW P:5’' ' ’ 

oorrugala, I'ortl. (I«.l. B*p- P- ■ 

dolliiidou, Oonr. M- ' 

dcproma, Balm. 

euRlypl'a- •pi;i r 4| 

exptm«at bow. If 08 ». m < i ^ i 
funkulata, M'Cuy. 

ffran<liK.8ow. ((aiiwlli'ta.Io™.). »o»» 

13.f.H; Pl.6.f.«.7 •■ ■■ - 

OriT^yrZ'v. (oXV^Buji- 

OmalcMia' Verm 


I 


> . 


p« 4 «n.Lum. Fom.S9.f..l j 

Lulan.. M'Coy, IVl- pi 5 ' 

tomiiatriata, Bow. FoBS.13.f.B, PL&.| 

I* 

Otuiata,' M'Coy. Pal. Foa. p. 234 

Sl'PKINQDOM M<U. 1 .CSC.\. 
Province LAMKLuniiANcniATA. 

CUM OONCHITBBA. j 

(MonomyarU.^ 


ffryphuB, Porti. Geol, P- 
tranaremy Port!. O^* 
trigona, PortL Geol. 

Ay.cou^pbjU.mM.^^^f .y 
priwKiA aaparula, Mvoy. PoW'W. 



PrsBixEA Boydii, Conr. Pal. Fo«. p. 259 

builaU, M'Coy. Sil. For. p. 23 * 

demiasa, Conr. ^var. of retjrofloxa, Hia.) # w 

fimbnata, M’Ct»y, Sil. For. p. 21 • 

llian^ M‘Cov. Pal. Fob, p. 2lH) 

lineata, Gt»iaf. Pet. O. pf. 1 19. f. 0 ? 

lincatula, d’Orb. PL 23. f. » ♦ 

tnctgaloba, M*Coy. Pal. For. p. 2(U 

niira, Banrande. MS. p. 22M * 

j orbirulariR, M*Cov, Sn. For. p. 21 ... * 

paiiopawfor mis. M'Coy. Sil Fos. p. 22 

j (also potddonueformi*, M'Coy) a 

i ? plaiiulata, Conr. M. G. S. ii, p. 3l>8 a a 

j pleuropt era, Conr. Pal. For. p. 2(U *? a 

rectangularim Sow. PI. 34. f. 4 a 

’ retn>floin, Wahl. (RquamoRo, M‘Coyi.l 

i PI. 9. f.2t> ; 23. f. 17 a a 

; Sf.werbyi. M Coy. PI. 33. f. 15 | a 

; Rubfalcata. Conr. Pal. For p. 293 ! a 

> RublirviR. M'Coy. Sil. F<>r. ln*l. p. 23 ...; a 

j tonuiRtnatA, M'Coy. Fo68.60.f.5.. .. j a « 

' (Dlmjarla.) 

.tixonoxTor*!!-* anffURtifronR.M'Cov.Pal.FoR. p.27l 

bulla, M'Coy. PoM. 61. 1. 5 ’ a 

la.*Ti 0 . Sow. (Pulliatru, Sil. Svst.), Pal.j 

For. p. 271 ' ! 

lucina. Salt. M.G.S. Kxpl.ShtH*t32.p. 149,! 

pi. 2. f. 14 ■' 

perovalia, Salt. Moin.G. S. ii. p 3t)3 ! 


quadraluR, M'Ctiy, Pal. For p. 272.. ..I j 

,Ahca? Kdiiurndm-foniiiH, M'Coy, Pal. Fob. p. 2M.*1 ) j a ' 

?pninitiva. Plnl. Mf»n. G. S. ii. p. iWWi | ; * 

('%Kl»loL% libnma. Sow. PI. 23. f. I 1 j • 

intcrmpta, S<jw PI. 23. f. 12 . . . | . . » « 

Meiniru^ata. Pi>''tl K«-p. p 4, *19 » 

? Rtriata, .Sow. PI. 23 f. 13 ... * a 

CLEiiK»riif»Ri ovhIir. M‘C' 0 . Pal. For. p. 273 * #? « 

i planulatuR. Conr Pal Fur. p. 273 a 

ICjERono.RiTA [NuciiJa. &<• ] ainbinua, l*ortl , i j 

! Geol. Kr'P- p (and PectunculuR , j 

I Apjohiii. Portl ) ' I • 

Angtu-a, d’Orb. Pi. 23. f. 19 > : * « 

deltoiili<a, Phil. Mrrn. G S. ii. n. 3<j0 | a 

I diMiniilis, Portl. Geol. Rep. p. 42S ' j a j 

< KaMtnori, Sow. PI. 10. f . 9 j - • * 

1 larvia, Sow. Pl. 7. f. 3 ! | a i 

I linf^ualis. Phil. M. G, S. ii. p. 3<57 ' ■ • ! * . 

obesa. Salt. M.G.S. Eipl.Sheet32.pl. 2. 1. 

! f. 11,12 I ! .. 

j obliqua. Port. PoM. 39. f. 9.. a j 

* poRtatriata, Emmoas Pal. X. Y. i. p. 151 ! ! ♦ 

quadrata. M'Coy, Sil. For. p. 29 ( * 

radiata, PortL Geol, Rep. p. 439 1 a 

j regularim Portl Geol. Rep. p. 4^ ! a 

rbomboidea, Phil. Mem. G. S. ii. p. 367 ! a 

sdtula, M'Coy, Sil. For. p. 29 * 

•emitruncata, Portl. Geol. Rep. p. 429 j a 








m 
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Ctimodokta tubacuia, M'Coy, Sil. Foi. p. 19 

Buba^ualis, Sow. PI. 10. f. 7, 8 

sulx^liudrica, WCoy, Sil. Fos. p. 19 ... . 
aulcata, His. Leth. Suec. Suppl. II. p. 3, 

pl.40. f.2 

th^ioides, Salt. M. G. S. £xpt. Sheet 32. 

pi. 2. £ 13 

transversa, Portl. Geol. Rep. p. 427 

(and Area subtruncaia, id.) 

▼arioosa, Salt. Fo88. 39. f. 4 

OucuLLELLA angulata, Bailj, G.S. Irol. Expl. Sheet 

135. p.l3. f.4 

antimia, Sow. PI. 34. f. 16 

Cawdori, Sow. PI. 34. f. 3 

ooarctata, Phil. M. G. S. ii. pt. l.p. 306 . 

ovata, Sow. PI. 34. f. 17 

Dolahua ? olliptica, M‘Coy, Pal. Fos. p. 269 

obtuBEi M‘Coy, Pal. Fos. p. 270 

Gonioi'iioha cymbacforniis, Sow. PI. 23. f. 2 ; 

34! f. 15 

*»P 

Grammyhia cingulata, His. Foss. 61. f. 1 

exiraHulcata, Salt. M. G. S.ii. pi.l. pi. 361 . 

rotundata, M‘Coy, Pal. Fos. p. 2«1 

iriangulata, Sail.* Fo88. 61. f. 2 

LuNULACAKiurM clfgaiw, Salt. M. O. S. Kxpl. 

Sheoet 32. pi. 2. f. 10 

Lyhodkhma cuneata, Puil. Mem. 0. 8. ii. p. 366,. 

plana, M'Coy. Fobs. 39. f. 5 

Mkoalomuh, sp. p. 196 

MoDioLOPsiH aiitiqua, Sow. PI, 23. f. 14 

complanata. Sow. PI. 23. f. 1 

ox}raiiHa, Portl. Fo88. 39. f. 2 

gradata, Salter. Fobs. 61. f . 8 

inflata, M‘Coy, Pal. Fos. p. 266 

nuidiolariH, Conr. Fobs. 39. f. 3 

Nert'i, Portl. Gt^ol. Rep. p. 424 

obliqua, Sow. PI. 7. f. 2 

orbicularis, Sow. PI. 7. f. 1 

(Kurovalis, Salt. Mem. O. S. ii.pt. 1. p. 263 
platyphylla. Salt. Fobs. 61. f . 7 .... 

|>oatlinoatA, M'Coy. FOBS. 39. f . 1 

pyruH, Salt M. G, S. iii, p. 342, woodcut 
q\iAdmta, Salt. Mem. G. S. ii. p. «163 ... 
lecurifonniH, Portl. Gcol. Rep, p, 425,. 
Mytiia’s Chemuncensi.s Conr.? M. O. S. li.p. 36,5 

oinctus, Portl. Oeol. Rep. p. 426 

exaspei^ua, Phil. Mem. G. S. ii. p. 364 

my tuimeris, Conr. . Foss. 61. f. 6 

unguiculatua, Salt. Mem. O. S. ii. p. 
Ortiiokota amvodalina, Sow. PI. 23. f.6, rar. f. 7 

anguillera, M'Coy. Foss. 61. f. 3 

fflobulosa, M'Coy. Pal. Foh. p. 278 

impresaa, Sow. ^ 23. (. 3 

inomata, Phill. M. G. S. toI. ii. pi, 19. f. 3 

nasuta, Ctmr. P\)BS. 13. f. 12 

prora. Salt. Foss, 6L f. 4. (semisuloata. 

MCoy) 





I 





BRITISH SILUBTAN FOSSILS. 


SSI 


1 

i 

Primordial 

Silurian. 

Llandeilo. 

Caradoc. 

1 

1 

Wenlock. 

Ladlow. 






# 


ft 






# 


ft 


seminuloal^ Sow. (Modiola), Sil. Sjst. 











* 

# 


















ft 







a? 

ft 


Paljiarca anngdalumSalt. M.O.S. lii. pi. 11 b. f. 17 


a 






Billinggiana, Salt. AI. G.S. lii. p. 342. 








woodcut 12. f. 4 !... 

« 






bulla, Salt. M. G.S. iii. p. ‘143. wotKleut 








i;j. f . 3 ! 



a 





lutxliolaris. Salter, M. O. S. iii. p. .‘142. 








woodcut 12. f. 2 



a 





obacura. Salt. M. G. S. iii. p. 343. w«mk1- 








; cut 13. f. 2 



a 





quatlmta, Salt. M. G. 8. iii. p. 342. w.khI-' 








cut 12. f. 3 








lkKMali^ Salt. M. G. 8. iii. p. 344, pi. 1 1 a. 









f. 13 


« 






JPl.CUKORlIYM’lll '•BHJuico.HtatU.H, Dili. Fo88.60.*M 





a 



! calcis. Hail. G.S. Ir Eipl.8h.l4o.p.ll.f.2 


• 






dtptcrux. Salt. PI. 36. f. 7 1 


a 





pnitin, Salt. Sil. Fo«. Ircl. p. 71 .. i.... ! ... 







pHErnAXiM’** mrurifonnin, l*id. Fo«. p.272i . .. 





ft 


IRkdoma AiiL>li(‘a. Salt. FQSfl..9. f . 2 1 

a 






T £ 1 . 1 . 1 . MTi:j«aiViii IF, Al*C’o}*,Brit. I’al.Foa.pl.l K.f 31 







a 

SriiKiNopOM MOLLUSC A. 








I’rovillCC OpdNTOI'HOHA. 








CUUM GASTEROPODA. 








.\t’Ro< ri.lA antupiata. Salt. Af.O.S. Expl. Sbc«t 32.| 


“ 1 
1 






1 pill, pi 2 f. 17 





a 


j cuonip)ial<tidc««, AI'C«»v, I’al. Fo*. p. 2?KI 







1 ImliotiH. PI. 24. f. it 



i * 

i a 



j prolot vpa. JMiil. PI. 24. f . 8 




a 



iCiliTO.'* Ora^anuH, Koniiick. Bui. Ac, Unix. iii. f. 1 .. .. 




a 



1 Urinithii, Salter tlichiiiuilioc'hitotu.* ' 







Fom. 40. f . s 



I tt ! 




ICt’CLuxEMA concinna, Al t'ov. Sil. Fo«. p. 12 .... ' 


« 

' 



‘ corallii, Sow. Pll 24. f. 1 




a 


crebriMtria, AFCov. Pal. Foa. p. 2‘J.’> i 


•• 




J iM’tavia, d’Orb. ft. 24. f. 4 




a 


j quadrititnaia, Phil. Alcm. G. 8. ii, p. SSHJ 



a 




j rupertrifs Eu-hw. Foss. 40. f . 4 ' 


« 




* aufeifera, Eichw., Urw. RuaMl. pi. 2. f. 14 .. .. 


• 




j undifera, M Oov, Pal. Foa. p. 300 i 




ft 


1 Tentricoea, Hall, Pal. Jf. York, ii. p ilO.i 



» 










< carinatua. Sow. PI. 24. f 11 i ! 

' a 

' 

a 

ft 


' oentrifugua, Wahl. M’C.Pal. Fof.p.2it7i 




* 


ComdenKia, Sow. Pl.7. f. 5 * I 

a 


, 



diacora. Sow. PL 24. f. 12 

. ........ 



ft 



funatua. Sow. PL 26. f. 3 

1 ! 

a 

ft 

a 


lautua, M*Cov, Sil. Foa. p. 14 


* 

ft 



pnrnuntiua, i*hiJ. Mem. b.S. ii. p. .‘l/»7.. 








a 





61LUSLL 





II 

P-i 

Llandeilo. 

Caradoo. 

{. 

Wenlock. 







sculptus, Sow. PL 9. f. 27 ; f. 2 ... 

BubcarinatuA, Mimst. M*Coy, Sil. Fob. 



« 

« 

it 

* 

tubseformiB, Baily, G. S. Irel. Fxpl. Sheet 
10 p. 10. f. 6 






Holopea carinata, Forbes, M. G. S. iii. p. 348. 

woodcut 14. f. 4 



# 



concinna, M'C^. Fo88. 40. f. 5 

oonica, Forbes, M. G. S. iii. p. 348. wood- 



« 

# 



conBtricta, M'Coy, Brit. Pal. Fos. pi. 1 k. 
f. 41 






oxserta, Forbes, M.G.S. iii. p. 347. wood- 
cut 14. f. 1 



# 



lyinnseoidos, Forbes, M. G. 8. iii. p. 348. 
woodcut 14. f. 3 



« 



Btrialifdla, Sow. (Trocbus constrictus, 

M‘C(.y). PL7.f.4 

IIOLOPBLLA cancoilata, Sow. Foss. 15. f. 8 ; 

PI. 10. f. 14 



# 

it 


conicH, Sow. PL 34. f. 10; PI. 35. 
f . 20 




it 


gracilior, M*Coy, Pal. Fos. p. 303 





« 

gregaria, Si)W. PI. 34. f. 10 « 






rntc^ruKHiia, M‘Coj’, Pal. Fos p. 304 ... 






ruoiiilis, M'Coy, Pal. Fos. p. iUH 






olwoloUi, Sow. PL 9. f. as ; 10. f. 14 ; 
34. f. 1 1 




» 


plana, M‘Cov* Sil. Fos. p. 12 




. j 

tonuiciiicta, M‘Cov, Pul. Fos. p. 3(14 ... 





Loxonema elegaiiH, M'Coy. Pal. Fos. p, 302 




it j 

giiiiuifia, S^iw. 24. (' 3 




« 1 1 

Maorocurilus eloiigatus, P<ir(l. Rep pi. 31. f. 2 
fuHiforniis, S<iw. PL 10. f. 13 








« 1 

MuttriiisoNiA iingulata, Sow, PL 10. f. 12 


1 


1 

* 1 

angulociTictu, Salt. Q. J. G. Soc. xv. pi. 13. 
f. i). 10 




1 

1 

1 

angustnta. Hall, Pal. N. York, pi. 10. f. 2 
artieulata, Sow. PL 24. f . 2 



« 

1 

» 

baltoata, Phil. Mom. G. S. ii. p. iJoS 





it 

bellioincta, ^It. Q.. J. G. Soc. xv. pi. 13. 
f. 11 


1 * 




bioincta, M'Coy (not of Hall), Sil. Foss, 
pi. 1. f. 17 



it 



eanoollatula, M'Coy, Pal. Fos, p. 2tl2... 
cingidata. His. Pal. Fos. p. 2tl3 



« 

* 


oorHlIii, ^w., PL 24. f . 7 

gracilis, Hall, Q. J. G. Soc.. xv. p. 379, 
pl.13. f.7, 8 


« 




cyrogonia, M'Coy. FoM. 40. f . 6 

inflata^ M'Coy, Sil. Fos. p. 15 



» 



Lloydii, Sow* PI. 24. f . 5 






o^ura, PorU. Foes. 40. f. 3 

Pryoo®, Sow. PI. 10. f. 11 



♦ 

# 


pulohra, M'Coy, Pal. Fos. p. 294 




it 


simplex, M'Coy, Pal, Fos. p. 2m 



* 

it 


subrotundata. Portl. Fobs. 40. f.7 ... 



« 




1 

! 1 








BRITISH SILURIAN FOSSILS. 


5S3 


! 

Primordial 

Silurian. 

Llandeilo. 

Caradoc. 

1 

Wenlock. 

Ludlow. 

h 

Pe 

iMi KCfiisoNiA sulc*U, M‘Coy (Lloydii?). Sil. Foe. 

pL 1. f. 20 








torquata, M'Cov, Pal. Foe. p. 204 






« 





# 





VATir% parra. PI. 25. f. 1 






* 


Oi’iiileta compacta. Salt Fo88. 27. f. 4 

merroniphal"-! M‘Cov. Pal. Foe. p. 3(X).. 



# 





PATKi.rA ? SatiimT, Gkddf. FOAI^ 4^- 1* 0 



a 





Pi.atT}«chisiia helicitee. Sow. FoM. 26. f. 0 ; 

PI. 34. f. 12 


« 


# 


# 


eiraulane. Salt. M.G.S. Expl. Sheet 32. 
pi. 2. f. 10 






# 


Williamei, Sow. PI, 34. f*. 14 




*? 


* 


P 1 .F.UROTOMARIA frcnulata, M (\>y. Pal. Foe. n. 201 
fiemirtirina. Phil. Mom. G.S. ii. p. .m7 . 






# 


troi’hiformirt, Portl. Gool. Rop. p. 41.3.. 
Bp. (tnH*hifonni.«<. M'C’oy ). Sil. Poe. p. 10 
quadrietriata, Phil. M. G. S. ii. pt. 2. 
pi 14. f. 4 



» 


# 








« 


Tlmle, Salt. Q. J. G. S. xv. ])1. 13. f. 13.. 


« 




# 


R\rifiRTOMv n'qiuilie. Saltor. Foss. 40. f. 2 

cUiphoa. Portl. Rop. ]i. 414 

le!iti(*ularie. Sow. PI. 10. f. 10 

. 


« 

« 

» 




Trociionema latifnm’iata, M‘Coy. Sil. Foe. p. 15.. 








trioiiictn, M'C^ov, Sil. p. 14 








trijMircatn, M‘C^)V. Pal. P' 08 , p. 209 

tnx’hleatn, M'Cov, Sil. P'oe. p 12 





* 



TatKiirs? ca'latiilftB, M‘Cov, Pal. P'oe. p. 29(5 .. 

; ?fuc»tuft, IPuIt, 0 . 8. Irol. P^xpl. Sh. 35 

i N E. p 9 /, 4 ( PluoniplialuM eubeulca* 

' tU8, IIlA ) 

? MiKiroi, M’t'ov, Pal. Foe p 297 

? niultit4>rqitHtuH, M'Coy, Sil. p’o«. p. 15.. 
Ti rbo? <Mrrlu>eim. S«»w. PI. f 11 



« 

« 

• 

* 




? tntorqiuituii, M‘Coy, Sil. Ft>e. p. 12 




« 




j Claaa HSTEKOPODA 

(Nocleobranchlata) . 

' Rxllerofbox a<nitu8. Sow FoM.41. 17 ; P1.7. f S 

alatue, PoKl. Oo<d. R^’p. p. 471 

ArfunenHis, H«lt. M. O. S. iii. p. .‘Hit. 
pi. l(». f. <•>-« 


1 

1 

.... 1 

• 

# 

• 




bilobatue. Sow. Foss. 13. f. 10 ; PI. 7. 

1 f . 9 ; and Tar. compreeeua, Portl 



# 





1 carinatue, Bow PL 34. f. S 



» 





I dilaUtiis, Sow. Tom. 41. f. 8 ; PL 25. 

i f. 5, 6 



• 

4i 




1 expaiunim Sow. PI. 26. f. 8 ; 34. f. 20 ; 

) 36. f. 28 




• 


* 


1 hip^pue, Salter, M. Q. S. iii. p. 350, 








j multiatriatua. Salt. M. O. S. iii. p. 350, 

1 pi. 10. 1.9, 10 








’ Murchiaoni. d’Orb. PL 34. f. 19 




! 




1 nodomiB, Salt FOM. 13. f. 11 



• 





’ i 



! • 













534 


SILUEU. 


Bellbbophoiv obtectui, Phil. Mem. G. S. ii. p. 356 
perturbatuH, Sow. (Euomphalua tenui- 
8triatu8, Sow. ; furcatus, M‘Coj.) 

Pom. 41. f. 6 ; PI. 7. f. 6, 7 

subdecuaRatua, M‘Coy, Pal. Foa. p. 311... 
sulcatinuH, Eramona, Pal. N. Y. i. p. 32... 

trilobatua, Sow. PoM. 15. f. 9 

Wenlockonaia, Sow. PL 25. f. 7 

ap., Salter, Q. J. G. S. x. p. 74 

iMaolurka Logani, Salt. PoM. 40. f. 1, 1 a .. 

macroim)hala,M ‘Coy ,Brit.Pal .Foa.p.JKX) 
ni8gna,Lie8ueur. Pal.Fos.p.3(K),pl.lh.f.l3 

I Peachii, Salt. PoM. 27. f. 1, 2 

I 

I Claaa PTEROPODA. 



CoNULAuiA oanoellata, Sandb. M‘Coy, Brit. Pal. ' | 

Foa. p. 287 * ’ * i 

corium, Salt M. G. S. iii. p. 355, pi. 1 1 a. ' ! 

f. 11 ♦ : 1 ' 

olongata, Portl. PoM. 41. f. 3 * 

Ilomfrayi, Salt.. M.G.S. iii. p. 354, pi. 10. ! 

f. 11-13 # i 

Iflpvigata, Salt. M. G. S.iii. p. *‘154, f. 19 ! « I ( 

margaritifera, Saltor, M.G. S. iii. p. I I 

pi. 11 A. f. 12 ! # ; 1 

Sowerbyi, I)efr. PI. 25. f. 10 ' ; * » . # » 

subtilia, ^ll. Pal. Foa. n. 2HH .... # 

ICmiLioMiMiAi.i’K Bucklnndi, Portl. P 08 B. 4 I. f. *5' ..., • I ‘ ; 

Ift'via. Sow. PL 25. f. 9 [ « , I # 

?Sw)tiou8, M‘Coy, Pal. Foa. p. .*101 ! « | « , I 

pTKROTiiKCA corrugata. Salt. Brit. Aaaoc. 18*52. p.(> I # j I 1 

tranavcraa, Portl. PoM. 41. 1.4 * j 

Theca ancio|>B, Salt. Mem. G. S. ii. pi. 1. p. 3*55 ..j » ; ♦ ! 

aratn, Salt. M. G. S. iii. p. 3;52, pi. 10. j I i I 

f. 15. 21 ' #1 , 1 ; 

bijugosa, Salt. M. G. S. iii. p. 3r>l, pl.j 

10. f. 19, 20 i # 

cometoidea, Bailv, J. G. S. Dublin, 1861, | j 

pi.4.f.8 *. : 1 * 

corrugata, Salt. Q.J.Q.Soc. XX. pl.l3. f.lOj a | j 

cuapiaata, Salt M.G.S. iii. p. 35^1, pi. 10. j ! 

f. 5 (Centrotbeca) ! ♦ j 

Forbeaii, Sharin'. Q.J.G.S. ii. p. 314 ! *■ , * j 

obtuaa, Salt. M. G. 8. iii. p. *1.52. f. 17 ... * ! J 

operoulata, Salt M. G. S. iii. p. *151, pi. j i 

10. f. 22, 24 (CU’idothooa) ; # . 

penultima. Salt. w.Aaaoc.Rep. 1865, p.285 ♦ , 

rererta, Salt PoM. 11. f. 21 ; 41. f. 1 * 

•implex, Salt POM. 9. f. 5 # 

triangularia, Portl. PoM.41. f. 2 «? I 

raginula, Salt POM. 10. f. 14 a 


Olaas CEPHALOPODA. j 

Acti N ocsRAB Brightii, Sow. (Ortliooeras), SiL Srat i 

pi. 12. f. 21 1 ♦ 

nummularium. Sow. PL 26. f. 5 i # I # 


Wenlock. 



BKITISH SILUBIAK FOSSILS. 



1l 

1 

1 

ll® 


1 



jAf*cocERA8 Barrandii, Salt. FoM. 63 

ICtetoceram approximatuin, Sow. PI. 11. f. 4 

iiuequuieptuin. Port!. (Phragmooerait 

I Brateri. Poril.) Fo88. 43. f. 1 * 

multicaracratum. Hall, Pal. N. Y. p. Itt5| » ? 

I pnecox. Salt, M.G.8. iii. p. pl. 10. f. 2 # 

iLiTuiTRA anguiforniia. Salt. Pal. Foa». App. p. rlii « 

articulatus, Sow. PL 31. f. <» 

? Biddulphii, Sow. PI. 31.f.f» 

I comu>arieti8. Sow. FoM. 43. f 2 ;! 

1 PI. 7. f. 10; 11. f. 1,2 I # 

I ?gignntou», Sow. PI. 33. f. 1-3 L.. 

j iliboniiouA, Salt. FoM. 43. f . 3 * 

planorbiforinifi. Conr. Pal, N.York, pl.84 # 

tortuoHiiii. Sow. PI. 33. f. 4 

undoHus. Sow. PI. 11. f. 3 


•p. ((’ornu-arietis, Portl. Geol. Hop. pl. 
28 b. f. 7) 


♦Obtiioceras angiilntum. Wahl. Pl. 28. f. 4 # 

! annulatum, and vnr. iliribrbituni, Sow.| 

P1.26. f. 1.2 ! # 

areiioliratuni. Hall, Pal, N. York, p. P,>S # 

attenuatum, Sow, PL 26. f . 3 

audax, Salt M. G. S. iii pl, 24. f. 7 | # 

AtHimi. Salt. Foes. 9. f. 4 ■ # 

baeulifortuc, Salt. Pal. Foi. App. p.vi.. ' 

Barrandii, fcjalt. G. J. vii. p. 177 i 

bilinoatnin, Hall. (O aubannulatum, ra-! 
lannti'um. tubicinella. Port!. Foss.i 

42. f 2 : ! « 

I broTiconicum. Poril. Gool R<*p. p..S73.. • [ ♦ 

Brongninrli, TnioHt. Foss. 42. f. 4 . . . I ! « 

bullntuiii, Sow. Pl. 29. f. J j I 

lanahrulafum, S<^w, Pl. 28. f. 3 i,. .. 

centrale, H«h. ? Pal. F<w. p. .314 1. # 

ivmiruiii, Hi». .Sil .Swt, pi. 21. f 21 .. *. .. !. 

Wiraliiforin©, M'C’tjy. S»l. K<.)8 p H t i 

dimidiarufii, Sow Pl. 28. f f) I 

I diMtann, S4iW. Pl. 26. f, 4 j J 

; rlongato-iMTiotuui. Portl G. B p. 372 . I i # 

I enmnalr, Salt. Fou. 9. f. 10 i « j 

I exoentncum, Sow Sil. Synt. p. 331 

j filoauiu, Sow. Fom. 62L f. 1;P1. 27. f. 1 ! # 

j gracile, Portl. Oetil. K4‘p. pl. 2."i. f . 2 

I gregarium, Sow. Sil. Syat. p. 019 

ibex, Sow. Pl. 29. f.‘3, 4 ! ♦ 

! iinbricatum, Wald, Pl. 29. f. 7 ! 


incertum, Portl. Gerd. Rep. pl. 28. f. 7 
laqueatum. Hall, Pal. R. York, p.206 ... 


i^ueaium, nan, rai. st. lora, p.2UD...j ' 

lineare, Munst. Beitr. pi. 19. f 1 ! 

Ludenae. Sow. FoM.62.f. 2 ; P1.28.f. 1 ,2| 

Maclareni, Salt. FoM. 26 • 

Marloenae, Phil. Mem. 0.8, ii. d, 353...! 

Mocktreenae, Sow. PL 29. f. 2 

penumulatum, Portl. Geol. ^p. p. 337 ! 

perelegana, Salt (Lituitea articulatua,' 

part and L. ibex* Sow.) PL29. f, 5, 3 ' 

pomam, M*Coy, PaL Foe. p. 316 i 


Ludlow. 








m 


SILUBIA. 



Obtuocerab Pomoroenfie, Portl. Geol. Rep. p. 370j » 

primajvum, Forbes. FoM. 62. f. 4 ...j « 

ieriooum, l^lt. M. G. S. iii. pi. lO.f. 4, 6' # 

subgregarium, M‘Coy, Sil. Fos. p. 9 ! 

Bubundulatum, Portl. Fo88. 62. f. 3...i « 

tenuiannulatum, M'Coy, Pal. Fos. p. 320; 

tenuicinctum, Portl. FoM. 42. l 3 ...' * 

ionuistriaium, Miinst. Bcitr. 3. pi. 19. f. 4 

textile, Phil. Mem. G. S. ii. pt. i. p. 353 

torquatum, Miinst. Pal. Fos. App. p. vii.! 

traoheale, Sow. (O. perolegans, Salt.?).! 

P1.34.f.« 


tumidum, Portl. Geol. liop. pi. 28. f. .5, 0, » 

vagans, Salt. Fo88. 42. t. 1 ' « 

vaginatiim, Schlot. Q. J. G. S. vii. p. 377 ♦ 

ventricosnm, Shar|»c, Q. J. G. S. ii. pi. 13 

ONCorEiiAH, sp. Fobs. 38. i‘. (> ^ # 

PitUAOMoCKRAH arcuatum, Sow. PI. 31. f . 3 

oomprosHUtn, Sow. PI. 31. f. 4 

intermedium, M‘Coy. PL 30. f. 4 

nautilouiii, Sow. PI. 31. f. 1, 2 j 

pyriforino, Sow. PI. 30. f. 1-3 

ventri(M)Mum, Sow. PI. 32 ' ' 

PoTRRiocRRAH approximatum, M‘Coy, Sil. Fos.! 1 

p. l(t (Orth(MM3raH subiusifornie, 0.1 j 

Hubpyriformc, Portl.) 1 ! « 

Tiiktocrras biHiplionatuin, Sow. PI. 11. f. 5 ...' 

?iM*iniparthu!n, Sc^w. PI. 34. f. 5 | 

Tuociiolitbh IliboniicuH, Salt. Fobs. 43. f. 3 * 


SriiKiNOPOM VE FT EUR AT A. I j 1 
Claas PIBCES. I | 

Auciiknasi’is ? omatus (Ceplmlaspisl, Kg. Fobs.' | 

22. f. 3 

SttUeri, Egert. Q.J.G.S. xiii. pi. 11. f, 4, 5 L... 

(■KriiALASPia Murchisoni, Kgert. FoB 8.23. f. 1... ' 

Onc’uos Murchisoni, Ag. PI. 34. f. 1 ; 35. 1. 13, 14 • 

tenuistriatus, Ag. PL 35. f, 15. 17 1 1 ' 

PLKCTRonrs uiirabilis, Ag. PI. 35. f. 3-8 • ' 

pustuliferus (Sclerodus), Ag. PI. 35.^ | I 

f. 9-12 1 ' I 

l^ERAsriH Banksii, Huxl. & Salt. FoBB. 68. f. 2 ' 

trunoatus, Huxl. A Salt. Fobs. 68. f. 1 ! ! 

SriiAooDrs pristodontuN. Ag. ^Skiu.) PL 35. f. 1 * 

Tiiklodus parvidena, Ag. (Shagreen.) PL 35. f. 18 ' 



! * I 



* ' « 



Note. — ^There are a few otlier Lower PalaH>Eoic fi>88iU, mentioned in this work, which 
are not enumerated in the foregoing Table, namely : — Ist. Kozoo.v Canadenae (Fobs. 1)> 
belonging to the Foraminifera and found in the Laurent ian limcetone. ^sook Bava* 
ricum is alao mentioned (p. 373). 2ndly, Palasoptce Ramsi^i (Foss. 2. f. 2), one of 
the Trilobite family ; ana, 3rdly, two forms of Oliuiaiiia (0. antiqua. Fobs. 3, and 
O. radiata), quoted in the text aa being )x>8siblj Zoophytes ; some naturalists, however, 
doubt whether tliey hare claim to more than a Vegetable rank. These FoKsils, Nos. 2 A 
3, together with uie Annelide-markings Aremcolites did^nnus (Salter), Fobs. 2. f . L 
A. sparsus (Salter 1, Histiodbriia Hibernicum (Kinahan), and Hacgbtoma poecila (Kina- 
ban), belong to the Cambrian rocks— a low sone of deposits (as explained in the text) 
in which scarcely any other fossil is known. 
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B . — Chenueal AnalyuM thowiny the ahemoe of Phoephoric Add in ihe 
Roeke below tiie Silurian Depodts (p. 28). 

In order to ascertain indirectly the preaonee of phosphoric acid in rocks, my 
valued friend Dr. Daubeny experimented upon the relative amount of produce 
obtaintHl from l>arley sown in pulverised samples of various strata of difierent 
freolo^cal epochs. lie found that, whatever the age of the rock might be, 
prorided it belonged to a series in which organic remains were present, 
the amount of phosphoric acid present in the crtip exceeded considerably that 
existing in the barley from which it was derived, indicating that the above 
maU^rial must have binm one of th»* constituents of the rock, as this alone could 
have KupplitHl it to the plants grt>\vitig in it. On the other hand, in certain slates 
which lie below the oldest rtK'ks in whic)« many organic remains have been de- 
ti'cU'd (such, for instance', as tho-e of Nnnt Francon, Llanberis near Bangor, and 
to the north of IKdgidly. or si’hist taken fixnn the foot of Skiddaw, and a sample 
t»f micH-sebist from liOch fitiiieuid ), the quantity of phosphoric acid present in the 
owp bari*l\ cx(v»*dtHi that existing in the Imrley sown, indicating the almost 
»uitir»* Hl>^>}ir«' of this substaiicir in the rock itself, and c'onsi'quently leading us 
t<» infer that \er}- few organic nunains could exer have existed in it, rather than 
that the traces of them had been obliteratt'd by subsequent utetamoqdiic action, 
inasmuch as we haM* no rtMison to suppoM^ that any heat which might have 
alb'cted the strjita would hn\«‘ di*»sipatcd tlie phosphoric acid contained in them, 
many of the fossilifiTtm^ Silurian rocks containing phosphoric acid being equally 
slaty. (Quarterly Jimrrml of th*‘ (''hemical Society of London, vol. vii.) 

In subsequent n s^'Arrhes l)r. Ihuibmy could detect no trace of phosphoric 
acid in ct'rtain specimens from the Longmynd (which fundamental rock of the 
Silurian region is no more altered than the overlying Silurian strata), whilst the 
l.udlow’ r<H'ks contained as much of »* iw any of the younger fossiliferous rocks 
on w'hich he experimented. 

I'he determiuutionsi of tile (Miemint are thus in poi'f(*ct harmony W'ith the con- 
clusions of the (ieoliigist arul Paheniitolijgist, in establish ing a decrement of life 
as We ilesceiid throiiy’li the strata ft»riiiing the crust of the globe. 


I ’. — Jtfutoug Jint'ks the Silurian lle^fwa of Britain compared with their 

(/>rt/ian tquivalmts (pp. 41) & 70). 

In \arioas parts of this Y4»lume, but jmrticularly in the Fourth Chapter, the 
riK’ks (»f igneims origin, >\lo iher eoiemporaneous with or pte-^lerior to the strata 
with w hich they an asMKiated. are mentioned in terms of w'hieh German goo- 
l<»gists must wish to kmm' the exa< I imptjrl. My illustrious friend the late Baron 
Humboldt, who reejuesu d me to si-nd to him a few specimens the character- 
istic Silurian tvpes of this class of na-kM, Las spoken of them in his fourth 
volume of * (Vmnioa,’ and also traiismitt4<d U» me the following dt;acription of 
them as furnished by his eminent associate, IVuf. Gustav Hose:-- 
** In accordance with your w i-.h, I send you herewith some remarks cm the 
ruck -specimens forwarded b\ Sir H. Murchison. The rock-specimens termed 
‘greenstone,’ from Pembroke, Caernarvonshire, and Anglesea, are diderent va- 
rieties of hx'perstheuite and gabbro, such as occur near Neurode in Silesia, or at 
the Baste in the Harz— compounds oi hypersthene or diallage with labradorite, 
which last has btTome pnow-w'hitc or gnM*nish white, and then is in the 
incipient state of change to si^rpentine ; the h y'pcfsthene and diallage are also 
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partly changed into uralite. The < felspar-porphyry/ from Oaemanronshiie, is 
a syenite-porphyry with imbedded crystals of fel^ar and mica : oligoclase and 
hornblende also occur occasionally in addition. This rock is connected^ as to 
its character^ with the ^ syenite * of Caernarvonshire : the ‘ syenite ’ of Merion> 
ethshire, on the other hand^ contains much quartz^ and has a more granitic 
character. The ' hornblende-porphyry ’ is a diorite very similar to the so-caUed 
* Tigre-ore' of 8chemnitz ; but where the imbedded balls of hornblende are much 
larger, it is more like the diorite of liaschewsk in the Ural. 

** The ‘ ash ’ of Snowdon and of liala and the ‘ felspathic lava’ of Snowdon are 
varieties of the green slate: in that of Snowdon are concretions resembling 
those of the so-called ^ fruit-slate ’ (Frucht-Schiefir) of Saxony ; in that of liala 
balls of homstone occur, quite similar to the so-called felspathic lava of Snowdon, 
which perhaps is only a more quartzose portion of the green slate. The ‘ felspathic 
trap ’ of Snowdon is quartzose schist : the hollows in it, partially filled i«nth 
iron-ore, are derived from decomposed included minerals, the nature of which 
is no longrjr hi hti ascertained. The ^ felspathic ash ’ of Bala contains in its mass 
(or paste), which may he scratched with a knife, very small white crystals of 
felspar : it appears to be only a variety of the ordinary’ porphyry ; but we ought 
to be able to se^^ more of the rock, and to be acquainU*d with its geological 
conditions, in order to form a decided opinion on it. The ‘felspathic ash ‘ of 
Bishop’s Castle is perhaps something similar, only more decomposed.” 


I). — On Qraptolhes, By W. CAiuirriTERs, F.L.S. 

[The great importance of the Graplolito as a peculiarly Silurian fossil (see 
])ages (U &c.), and the gr(‘a1 advance of late years in our pala'ontological know- 
ledge of the various fonns of this interesting organism, will nmder the following 
Nc»te on (Iraptolites by Mr. rarriithers (one of the few persons who have espe- 
cially studied them) of ]»eeuliiir interest to tlie readers of ‘Siluria.’] 

The g(‘nus (irnplolithus w«.s entahlished by Liniueus in the first edition of his 
‘ Syshuna Nalurjc’ for a s('ries«>f natural producliinis which had previously lK‘en 
considert'd to be tnu‘ fossils. In the genus a.'* it appeared in the early edition" 
of that work not r single s]M‘cit*s i»f the fossils to which the name is now con- 
fined was incliidtHi. No alteration was introduced into the genus imtil the 
tw(*lflh edition; and in this we find a double-eelh‘d speei(*s (Cl. scolaris), which 
liinnieus had already tigured in his ‘ Seaiiinn Travels.’ This is the true t^^pe of 
the family, and the only species with whieh Linnams was acquainted. Tie* 
single-celled (Imptolite whieh ha^ by every one been rt'ferred to LiimfDus*s 
(1. stigiltarius, has nothing whatt'vor to do with the organism to which he gave 
this name, llis sptvies is founded on a fragment of 1 iepidodendron figured by 
Volkmann; and a perusal of the characters given by Liiiiueus makes it evident 
that this figurt* was all the maU*rial he had for the establishment of his species. 
To com»ct this error, and to make the extent of the acquaintance which Lin- 
naous had wth these fossils more obvious, I propose to substitute for G. Sagit- 
tarius the name of G. Ilisingeri, after the distinguished pala?outologist who first 
descrilxHl the species, but erroneously asi'rilx»d to it the Linnean name. 

The compressed condition in which Graptolites are generally found, and their 
somewhat anomalous structure, have caused many different opinions to be enter- 
tained regarding their nature. Linmeus considered that they were natural 
imitations of fassils. Bromel, and after him Brongniart, and some of the early 
American observers thought they were fragments of different kinds of Plants — 
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gmnes. sea-weedt, and moMes. Walch, Wahlenb^, SchloUieiini and others 
referred them to Orthoceratitee. Nilsson first considered them to be Poljpes^ 
and referred them to the family Ooratophyta, which included many forms that 
are now known to be wiih*ly remored from each other: Beck and Borrande 
found their nearest allies in Pcnnatiila, M‘Coy in Sorlularia, while Greene, 
Salter, and some others would mis«^ them much higher in the scale and place 
them amongst the MollitHHiid PolystHt, To complete the history, we may only 
mention the al^urd ni»lion of Niiunio, that they aiv the serrated spines of Kays, 

M*Cnuly, that they are the lame of Ecliinoderms, and the equally alvturd, 
although mon' elalnirately defend* d. notion of Boeck, that they ore tom fVag- 
ineiits i>f animaln of high 

The < in»pt*»lite ma>* 1 h* d»-<enlt*Ml H'. a Zoophyte with a free polymn’, con- 
sisting of a th xihle chitiiiou- ua* -^tiie nt. ^.irrounding the ctvnosarc and polypi^ 
or prxliicing fnun its margin numerous cells which contaiiUHi the polyjws. The 
jx»l\p*-cclls Wen* not cut uiX from the comimui cccnosarc by a septum. The 
pol\pAry wtv- 'tn*njth**ne<l b\ <i Hlend«‘r solid axis, pn>lo!iged beyond the grow- 
ing-point. Tht Mne 'un- iigOMS p nenilly with that of the St^rtnlariiulfo ; but 
th»- Solid H\i' j- ftti «U(*nialy. and to s<»tm‘ exttuu also the fn'O polypary. In some 
Actin<»/»»a tlo '-i** two clinnn*t*'rs an* hmiid ; hiit in them tin* c»*11h are hollowed 
out of tin* soft sulntaiice of tin* cunosare, ami the free portion of the axis is at 
tin proximal, jmd not at tin* di^hil i“nd of tin* compound organism. The ahsetico 
of an\ <*on'4tneiion or n.-ptum hy which the individual ptdype w*as separated 
from tin* co iionure dl^ti/lgui-ln•s them from all lln* l*olyr.oa, the individuals of 
whi<*h are iu\ariuhl\ •'catt d <*n a upturn. On the wlnde they approach nearer 
to tin* ll^drozou. ha\iug tin* Ih xihle «*xteriml p<d\parv and i he common ('(cno- 
surc eoiiliimou" with tin* polypit**s; ue\erthe]**.ss they ar»5 an aiiomaluus st'ciiou 
of this group. 

Minnt** spet‘iiin‘n> of se\**ral .sjv‘(*i»‘s mivt* b*‘en figured, difiering from the adult 
forms t»nh in their “izc and in the small number of their cells. No satisfac- 
tory <*\id**nee of an v tiling like organs of n*production lias he(‘n tihs(‘rvod in 
hnlnin ; hut Hull ha** ligur***! c.ipsul«*.s uttachetl to a douhlt*-C(*llf'd Um})toliU) 
whieh he con-id'-r- In he nf this nature, ami to ha\(* g*i\en origin directly to the 
ininut** form- w hich )ia\e h' * n d»*'*cril>«*d. 'I’ln* only method of rt*productiou 
an.dog»»u** to thi> among tin* llydrozoa with w'hich 1 am ac(pinirit<*d is in Tiibu- 
laria, wlien* the eiipsul**' gi\*‘ hirth to prog**ny closi ly reM iuhling the parenta. 

rin* gL'ologlcul imjiortance of 1 irapltdites was first point<*d nut in the * Silurian 
S\-tcm;’ ami nothing ha** "ince b*M*u «liseo\**red wdiicli ha set aside the opinion 
tin II stat'-d by Sir Uod* rick Murchi-on, that they were conhued to and conae- 
queiitl\ charact**ri>*uc of tie* Silurian rocks. 

The increa'M'd atte ntion that ha> b*‘**n given to tliU g^roup of fossils, and the 
iiumeron.** fonus that ha\** la en p ctTitly discuven*d, bavt* retjuired the establisb- 
nient of heveral m*\v g**m*ra. IVof*;ssor Jame« Hall has dcsi rilHal a remarkable 
compound fonn, to w liich he oTers all the species of single-t‘* lled Uraptolitas, 
ht‘lieving that the fonns pr'*> i»>asly described w’ere merely imperfect fragments. 
Hi*wv\er far this iimv Is- true of the American fussib, it is certain that many, if 
not all, of the Europ*an sjiecics of Graptolithus are perfect organisms, their 
primarx pdnt and their growing termination having been observed in seyeral 
sp-cies. Salter iher*f<»Pf* prop*^rly e^^laUished the genus Dicliograpsus for this 
compmnd fonn; and the genera ('ladograpsns and Cyrtograpsus contain other 
(*omp>und forms. Omitting those whose afiiuity to the Graptolites proper is yet 
doubtful, the following are the genera that have been found in Britain : 
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A. Spedde with a single series of cells. 

а. Polyparies simple. 

L Rastrites^ Barrande. Cells free thFonghout their ^hole length. 
Containing 3 species. Example: R. maximos, Camithers. 
Foss. 90. f. 6. 

2. Craptolithus^ Linn. Cells in contact throughout more or less 

of their length. Containing 13 species. £x. : G. priodon^ 
Bronn. Foss. 12. f. 3. 

б. Polyparies compound. 

3. Cyrtograpsus, Carr. Polypary growing in one direction from 

the primary point. Containing 1 species: C. Murchisonii, 
Carr. Foss. 90. f. 1. 

4. Didymograpsus, M^Coy. Polypary growing bilateralh^ and 

consisting of two simple or double branches. Containing 
10 species. Ex. : D. geminus, Ilisinger. Foss. 0. f. 8. 

6. Bichograpsus, Salter. Polypary growing bilaterally and branch- 

ing regularly ; the non-celluliferous basis of the branches in- 
vested with a corneous disk. Containing 2 species. Ex.: 
D. Sc'dgwickii, Salter. Foss. 90. f. 3. 

0. CladogrnpsuR, Carr, {non Geinitz). IVd^ary growing bilate- 
rally, irregularly and repeaU^dly branching and rebranching, 
and without a central disk. Containing 2 species. Ex. : 
C. linearis, Carr, h'oss. 90. f. 8. 

7. Dendrogiaptus, Hall. Polypary with a thick common stein, 

and branching irr<*gularly. Containing 2 species. Ex. :I). 
lentuH, C/arr. Foss. 90. f. 5. 

B. S]K3cioa with two series of cells. 

a. With a slender solid axi.*<. 

8. Diplograpsus, M‘Coy. CMls consisting C)f true hydrotheca^. 

Containing 9 species, Kx. : 1). pristis, Ilis, Foss. 10. f. 15; 
and Foss. 13. f. 14. 

9. Cliuiacograptus, IliUl. Cells hollowed out of the body of the 

polypary. Containing 3 species. Ex. : C. scalaris, Linn. 
Foss. 12. f. 4. 

b. Without an axis. 

10. Retiolites, Barr. (^>ntaiIling 2 species. Ex. : R. Geinitzianus, 

Barr. Foss. tK). f. 2. 

C. Species with single and double series of colls on different parts of the same 

polypary. 

11. IMcranograptus, Hall. Containing 1 species : 1>. ramosus, IloU. 

Foss. IX). f. 4. 

1>. Species with four series of cells. 

12. Phyllograptus, Hall. Containing 1 species : P. angustifolius, 

Hall. Foss. 90. f. 7. 

[la noticing the Silurian rocks of Sardinia (at page 422), I omitted to remark 
that General Albert de la Marmora's elaborate work, ‘ Voyage en Sardaigne ' 
& 0 . (1857), is enriched with a valuable appendix by Prof. J. Meneghini, descrip- 
tive of the foarils of that island, amongst which are many new species of Silurian 
Mollusks and of Graptolites, some of the latter being of very largo siie. — H. I. M.] 
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I. (’vrt<njrft|>»us M iiui, (^»rr. 2 . Ri'iiohu*'* (JiMiiitiiRiuiK, HArr. 3 . Dioho* 

jrrtpHuJi S«><Tt.ni»iok!i. Siilt»*r 4 I)i«Tanoi;ra|» 1 uH nunonu^ Hall, f). I)t;mlro^rttptUH lenttia, 
C’arr. <>. lU.'.trit*-* muuinu.H, ('arr. 7. l*hyllogra|»lu« anguntifuliim, Hall. H. Cladr)- 
grapnua lim*AriH, Carr. 


K. — Fossils of the ‘ Primordial Silurian Zone ’ of the Malvern Hills (p. 94). 

Th<' * HrimnnUal ’ Zom- itf thf Ma!\«*rn9 conwHtH (in (l<jsc<*n(linj^^ order) of tho 
I )it tyom*ma-i*hales, the ( )U rnix-»hah*A, and tho liollybuHh SandHtono and Con- 
jrloiiuTale (see pp. 1*4 i ; imd lh*'ir fonaila may >k* tubulated as follows : — 
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F. — Aj/taeodermata. 

Mr. Henry Woodward has supplied the following note on the peculiar little 
fossils referred to at pages 133 & 134 : — 

With the exception of Astacodenna serratum (which is perhaps a fragment of 
the margin of a carapace or of a body-segment of Ceratiocaris), and of A. spj- 
nosum (not clearly referable to Ceratiocaris), the several forms of Astacodenna 
described and figured by Dr. Harley are doubtless founded on the teeth of 
Phyllopod Crustacea, such as Ceratiocaris. For examples of such teeth in 
Dictyocaris, an allied genus, see the * Geological Magazine,* voLii. p. 401, pi. 11. 

G . — Old lied Sandstone of Forfarshire (p. 250). 

In treating of the classification and palfeontolog}' of the Old Fed Sandstone 
of Forfarshire and other parts of Scotland at p. 250, allusion to the researches of 
the Fev. Hugh Mitchell was inadvertently omitted. In the Quart. Joum. Cierd. 
Soc. vol. J£vii. p. 145c< Mr. Mitchell describes the position of the beds of the 

Old F<‘d Sandstone in tin; counties of Forfar nnd Kincardine, and at p. 140 he 
cla88ifi(‘8 the fo8.sils that have been found there nnd elsewhere ; nnd among'^t 
them he enumerates the small spores known as Pachytheca, which are not mre 
in the uppermost Silurian beds at Ludlow in Shropshire. 

In addition to the refenmccjs made at p. 251 &c. to Mr. Powrie's di8Co\ cries, 
it is right to n'fer the reader to the publications of this author on the Old lh‘d 
Sandstone and its fossils, in the Quart. Journ. Geol. Soc. ^ ol. xvii. p. 534 vt seq., 
and vol. xx. p. 413 e( seq. 

H . — Caithness Fla(f stones of the Old Bed Sandstom (p. 25S). 

Th(' Flagstones of (hvithness, which were first descril)ed by me in the year 
1827, under the name of* Fitumini»us schists' (Tmns. Geol. Soc. 2nd ser. vol. ii. 
p. 213), are in many places impregnated with bitumen, chiefly resulting from 
the vast quantity of fishes iinbcnlded in them. Their most durable and best qua- 
lities ns flagstones are derived from an admixture of this bitumen with finely 
laminated siliceous, calcareous, nnd nrgillaceott.s particles, the whole forming a 
natural cement more impervious to moisture than any stone with which I am 
acquainted. 

The following analyses of several specimens of Caithness flagstone and the 
Rccompanring bituminous shale, from the celebrated quarries of Castle Hill, 
belonging to my friend Mr. G. Traill, M.P., are indeed of high value, having been 
prepared under the superintendence of that distinguished chemist Dr. Hofmann. 

These results completely sustain the opinion I was led to form upon the spot, 
that the peculiar tenacity and durability of these flagstones is due to the manner 
in which the silica nnd alumimi are cemented together by certain proportions of 
calcareous and bituminous (organic) matter. 


MinenJ analyasd. 

Silivtt and 
Bilicfttes 
insolublr 
in 11 Cl. 

Oxidf of 
Iron nnd 
AlurainA. 

Carbonatf 
of Lime. 

Orgnnic 

mntWr. 

W'at4*r, 
loM nt 

IW® C. 

Balts of 
Magnets, 
thr Al> 
kalirs.a^'. 

ToteL 

No. 16. Top flag . 

68-40 

10-21 

KV9i{ 

3-88 

042 

6-16 

lOOOO 

No. 7. Middle flag 

60-45 

11-50 

lO-Wi 

5-79 

(V40 

220 

lOCKlO 

Bituminous Shale . 

69-96 

8-15 

772 

10-73 

(V53 

2-91 

100-00 

No. 1 . Bottom flag 

61-39 

4-87 

21-91 

3-40 

020 

8-23 

i 1 

lUOOO 
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In analjiing n portion of tile bituniinoiu schists fhim the property of the 
Esri of Csithness (near Barrogill Castle), Dr. Hofmann report^ to mo as fol- 
lows “ When subnntt*Hl th*' action of beat, this substance evolves a consi- 
derable amount of gas. aiui likewist' of oily matter conUiiniug a certain propor- 
tion of ammonia. Tio’ ri'fiidue which remains la^hind is a jarreyish mass, consist- 
ing essentially «»f silicate of aluinina (clay) mixtHl with a certain quantity of 
S4^squio.\i«h» of iron and of sulphate of lime. A \ery minute pro|M>rtion of phos- 
phoric acid was likewise found to Ih> pi*esent, 'Fhe loss which the mineral 
undergo^*** on heating was found in two const'cutive experiments to be 30*21 and 
; so that the mineral mn} Ik* said U» ctmtain in nmml uumhors — 


Fixetl iiialler i nutuTal I 70 

Volatile matter > .‘K) 


1(X) 

“ In detenniuintr the a’liomit .'f ga-* funiisheil hy the distillation of the mineral, 
a portKUj of It was healed in an iron tula*, in onler to imitate, as nearly as 
possible, the . in t;in-iunei*. . 4*1111 ojMTutien on a largi* scale. In two consecutive 
e\]>rinietit- which were p«rfonne<I in this iinitiner, the following results w*ere 
ohtaintHl : — 

(’ut>. ct'iitim. 

1 1«H» graiuuie.H funii-hed . . 7tMK) 

11 .. „ „ 74;i() 

Mean 77HJO 

“ As,suining 1<40 grammes of the niinernl yield, on an avt‘rage, 7500 cubic 
centimetre.^ of unw'*. a ton of the iiiuterial would furui.Hh :i(WH) cubic feet. The 
oniinnr) >arietii‘s of coal used in gas-inakiiig yield (Vom H(XX) to 10, (XX) cubic 
feet of gas j»er ton Tlie gas ohtai.fd fnun the mineral is very luminous ; it 
is nearly tmiirely fn-e from .sulpliiir, ami it is on this account very r<*adily piiri- 
The residue left in tl»e retort afl4‘r the expulHion of the gas retains but a 
small amount of curb ui, viz. Mo per cent.; this residue, therefore, has but little 
value os coke. 

The mineral in fjne-tion is in no way r^dated to ozokerite, as has been sug- 
gest4*tl, Fnuii that sub-iaiiee it may 1 m' at once distinguLshed by its infusibility 
(ozokerite fum*h at ('.= I'lP Fulir. ), ami hy its entire insolubility in alcohol 
and ether, in which solients ozokeriu? dissolves, although with difficulty.” 

1. — Fos.<li UtpfiUs in Oif Carboniferous Sfiales of Ireland, 

For a full account <»f the rtunarkahle evidences of Hoptilian life having flourished 
in the f'arl>oniferouis jx*riod. referred to at p. 303, see the memoir 'On a Collec- 
tion of Fossil VerKdjrata, from the Colliery, County of Kilkenny, Ire- 

land,’ by Thomas H. Huxley. F.H.S. Acc., and E. Perceval Wright, A.M. &c., 
Transactions Hoy. Irish Acad. vol. xxiv. 1H67. 

K . — Spitzhergen (pp. 323 & 368). 

Since Chapter XIA’. was printM, I have perused with much interest an excel- 
lent sketch of the ^jlogy of Spitzbergen by Mr. A. E. Nordenskidld, reeulting 
from the examination of the late Swedish Scientific Expedition*. He sub- 

• Skfich of the O«ol<yy of Bpiubrrfen by A. E. NordeoskiSld : Stockholm, 1866 . (TraaiaetUms of 
the Boys) Svedisfa Acammy of ScsraeMi) 
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0tantiAtefl the ta^i that, although firagraenta of rock with true Penman foaeUs 
have been found in detached blocks on the adjacent ' Thousand Islands/ the 
fossils described by M. de Koninck are not, as was supposed, of Permian age, 
but are true Carboniferous species which abound largely in the Mountain-lime- 
stone of that Arctic tract. This formation, surmoimted by Triassic and Jurassic 
rocks, reposes on unfossiliferous red and green ferruginous slates and conglo- 
merates, which lie upon clay-slates, quartzites, and limestones, also devoid of 
fossils, and these rest on vertical strata of micaceous and homblcndic slates with 
bands of quartzite, crystalline limestone, and dolomite. Now, as all this great 
series is based upon gneiss and granite, we may not unreasonably infer that 
Spitzbergon in itself may he found to contain not (»nly, as the author suggests, 
the equivalents in time of the Dev^onian and Silurian, but also the representative 
of the Laurentian rocks. 

L . — Conodonts of Pander (pp. 134 & 350). 

On the. IjOiver Silurian oryaniems called * Cimodonts'' by Dr. C. Jl. Patider *. — 
MinuU^, glistening, slender, conical bodies, hollow at the l)a8e,point4>dattheend, 
mort^ or less bent, with sharp opposite margins, might well be lingual teeth of 
(lostiTopods, acetabular booklets of Cephalopoda, or teeth of Cartilaginous 
Fishes. 

** Against the latter detennination is the minute size of the bodies called ‘ Co- 
nodonts’ by Dr. C. II. Pander. Their basal cavity doubtless contained a fonna- 
tive pulp ; but the proof that the product of such pulp was ‘ dentine’ is wanting: 
the obtM^rved structure of the hookh‘t prostmts concentric conical lamellao of a 
donwj structundess substance containing minut(‘ nuclei or cells. 

“ In some specimens the base is abruptly producwl, and divided from the body 
of the booklet by a constriction, — a form imknown to me in the teeth of any 
I^Tahes, but presented by certain lingual teeth of (lastorupods, e. y. the lateral 
teeth of Spandla. In other Conodonts the elongated basr is denticulate or ser- 
rate, as in the lateral t(*eth of Duccinum and Chrysodonius. It is improbable, 
however, that they belong to any coiichiferous U)oth(‘d molluak, the shells of 
such being wanting in the deposit when* the (\>nodonts art* most abundant. 

** The mon> minute booklets have a yellowish transparent homy appearance ; 
the larger, pt'rhaps older ones, present a hartler whitish appearance. Their 
analysis by I’ander yielded * carbonate of lime,’ — enrbtmic acid bt*ing evolved 
by the application of dilute nitric acid, and oxalic acid producing an obvious 
precipitate. 

The detached condition of the booklets and the iutegrity of the thin border 
of tlie basal pulp-cavity indicate that they have not been broken away from any 
of those kinds of attachment to a bone which the minute villiform teeth of 
osseous fishes would show signs of. The Conodonts have been supported upon 
a soft substance, such as the skin of a Mollusk or Worm, the mucous membrane 
of a mouth, or throat, or proboscis : but, to select the teeth of Cyclostomous or 
IMagiostomous Fishes as the exclusive illustration of the above condition, is to 
take a partial and limited view of the subject 

** In comparing the Conodonts with the teeth of Fishes, they present, as Dr. 
Pander recognizes, the closest resemblance, in that class, with the conical, 
pointed, homy teeth of M^Ttinoids and I^npreys ; and the absence of any other 
hard part in the strata containing the Conodonts tallies with the condition of 

* * Muttoiiniphir der foMtlrn Fiidir ^rnt^^r-Siluriftrhi' Fisclie, Conodontt^n 4lo, 1S56. 
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the Cjtlostaiiifttous skeleton, hut not more than it does with the like soft con- 
dition of Annelidous Worms and Nakwd MoUusks. But the teeth of all known 
CTclostomes are leas Taried in form than are the Conodonts. Certain lingual, 
piatea of Mjxinoids are serrate, but not with a main denticle of much greater 
length, such as shown in the hirm of Conodont called Machairodus by Pander. 
Most Cyclostomous teeth an^ simple thick cones, with a subcircular base : and 
ever^* known tooth of a Cyclostomous Fish is much larger than any of the forms 
of Conodont, which rarely equal half a line in length. This minuteness of sixe, 
with the peculiarities of form, inclines me strongly to refer the Conodonts to 
some soft luTortebrate genus. Certain parts of small Crustacea, e, p. the pygi* 
dium or tail of s<nne minute Kntonit^straca, n^st^mble in shape the more simple 
Conodonts: but when we ptn'ei^e that tht^se bodies occur in thousands, de- 
tached, with entire bases, and that any part of the carapace or shell of an onto- 
mostracan or other crustacean has rareK Vm'o detected in the Conodont beds, 
it is highly improbable that they trail have belonged to an organism proteeW 
a substance as susceptible <if pn*8ervation as their own substance. Much 
more likely is it that the body to which the minute htnikleis wert> attached was 
as soluble and rishabh* as the si>fl pulp upon which the Conodont was sheathed. 

1 tiiul no form of spine, denticle, or luHikh't iti any lOchinoderm, and especially 
in any sofl-btxiird one, to match the (’onodonts, and conclude that they have 
most analog)’ with the spines, or hixiklets, or denticles of Naked Mullusks and 
Annelides. 

*‘The formal ymbliratioii of these minute umbiguous biKlies fnun tins oldest 
fossilifenms r»x:ks as i ^idences of lishes is much to be deprecated.” — liicUAiio 
Owen, JUritinh A/iMctim, A or. 18, I'^'iH. 


M. — tSihirian Fossih of Anticosti (p, 430), 

The Silurian Fauna of Oanadn hits recently been much enriched by the ro- 
st^archea of the (’’oloninl Surveyors and by admirable descriptions, by their 
Palieontologist, Mr, F. Hillings, of the remains found in the great Island of 
Anticosti at the mouth of tin* Kiver St. I-^wnuice *. 

The Zoophytes, Molluskr, and ( Vustaceuiis collectt d in the greater part of 
the island, and amounting t«» 121 sjM-cies, present an eminently Ixiwer-Silurian 
aspect ; and whilst 85 of this number are new U) geologists, JitJ species are common 
European and North- American types. Thiw among the latter ’wo find the 
widely spread Hrachiopods Lepttena sericea, Orthis t^jstudinaria, and O. lynX, 
as well as Hellerophon bilobatus, associated with Cnl)in« ne Hlumenbachii. 

The fossils in the overlying strata of the same island iiave been referred by 
Mr. Billings, after careful comparison and correlation, to the Llandovery roclu 
of my classification, or what he terms Middle Silurian. 

With the following just and philosophical remarks of this author I entirely 
agree; for they are aa true in reference to the Silurian roc-ks of North America 
aa they were proved to be in Bohemia by M. Harrande. Coniiiienting upon the 
difficult)’ (if not impossibility) of correlating all the Silurian divisions of Britain 
with those of America, he thus writes : — “ From what we know of the origin and 
mode of accumulation of sedimentary strata, it is highly improbable that each 
of the minor formations of one country should have its exact equivalent in 
another land several thousands of miles away, although the larger groups, of 
which these smaller ones are the component parts, may be well paralleled and 

* Geolopc*! Sunri'T of Cftiuda: ’CaUlogar of thf Silumn Fowrilt of tlu' Inland of Anticonti.' hr 
E. Billinufa, 
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represented in a general way. ETery where we find a number of breaks or gaps, 
and the probabilities are vastly against tkese having been all occasioned at the 
.same time in distant localities.’* 

I rejoice to see this sentiment confirmed by eminent palmontologists of distant 
countries. As to the numerous breaks which were ably pointed out by Professor 
Kamsay in the Silurian series of England, Mr. Billings also treats of these in 
North America. Now it is weU known to every practical geologist that such 
breaks run through every great series or system of rocks, whether Palaeozoic, 
Secondary, or Tertiary ; and therefore it is evident that perfect parallelism of the 
minor groups of distant countries can only be looked for as exceptions, and not 
as the rule. 

It further appears from the writings of Mr. Billings, that the base of the 
* Primordial * Silurian Zone of Barrande, seen in the slates and schists near 
Boston and in Minnesota and Wisconsin, has not been found in ('anada, and that 
what has there bwm called ^ Potsdam Sandstone ’ is of somewhat more recent age 
(see the Table, p. 446-7). 

N . — Patmzou lioclct of lUlnois in the United Suites (p. 427 et sry.). 

The work entitled ^ The Geological Survey of Illinois,’ as carried out under the 
dirwlion of Mr. A. II. Worthen, assisU^d by Professors Whitney and L<*aquer<Mix 
and Mr. II. Engelman, which r(‘nch(‘(i me aft<‘r the ChapttT on America w’as 
comj»h*ted, gives a well condensed and clear account of the whole series of rocks 
in that highly prosperous young State. • 

The Low(*r Silurian of these authors consists of Lower Magnesian Limestone, 
covered by the St. P(*ter’s Sandstom*, the Galena and Trenltm Limestones, and 
the (hncinnati group of strata overlying them. 

The T'pper Silurian consists <»f th«‘ Niagara (or Wt*nlock) Limestone*, and a 
superior deposit called (’lear-(’r<'ek LimesUme. The I)e\oniun rocks are made 
up of Oriskany Sandstone*, the * Devonian Lime'stone ,’ and ‘ Hlack Slate.’ 

The liower Carboniferous (* lnfr«-carboiiifere)U8 ’) exhibits Hve stages, including 
one of limestone. It is surmounted by conglomerate (Millstone-grit ) and Coal- 
moasures. 

In the second volume the organic remains, chiefly those of the Carboniferous 
system, are elaborately de^ribiHl, >vith many plates. 

0, — Minute Silurian Fossils in America (p. 440). 

Among the fossils of the Silurian rocks might be mentioned the microscopic 
organisms discovered by Dr. M. C. White in nodules of homstone, occurring 
plentifully in the Black -river Limestone (as well as in some IVvouian lime- 
stones) of North AmericA. These little ft»8ails are apparently Desmids and 
Diatoms, Sponge-spicules, and fragments of the tt»eth of Gasteropoda ; and, in 
the case of the microphytes above-mentioned, “ they carry back to a very early 
epoch forms of life which have hitherto been looked upon as belonging only to 
a much more recent era in the life of our planet’* — American Joum. Sc. Arts, 
May 1062, and Geologist, vol. v. p. 239. 

P. — Produce and Relations of the Gold’-mines near Dolgelly^ Merioneth- 

shire (p. 450). 

The mine of Clogau is the property of the Crown ; and owing to the obliging 
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infofnnadon of the Hon. James Hpward^ the Chief Commissioner of Woods and 
Forests, I am enabled to state as follows. 

This mine, which produced in the latter half-year of 1860 a profit of £103 
only, grare ifold to the value of £0030 in 1801 ; and in the year 1802 the yield 
rosie to 24,000 (0181 '120oz. of gold from 020| tons of vein-stnfl). In 180»3 the 
profit was £2267 ; in 1804 it was £1XK11 ; in 1806 £2820; and only £612 in 
180*1. In the present year, however, there low been a great increase in the 
produce, — £1020 having been realized according to the accounts for the first 
half-year, whilst £11X)0 is the estimated pnxluce in the succeeding month. 

A very recent examination of the gold-bearingquartz-lodes in the neighbour- 
hood of IKilgt'lly by Mr. David f'orbes, lt»d him to consider that these lodes are 
seldom or only faintly auriferous, except when they cut through tlio Lower 
Lingula-fiiigs (>f that district. 

From the explorations hitherto made, it appears that where these lodes had 
Ihmui worktMl d<M'per int»> the Fniuhrian grits they turned out to bo sterile, or to 
contain mer»4y traces of gold. There further appeannl to Mr. 1). Forbes to bo 
an intimate ctmnexiou between the aurifertnis deposits and the intrusive rocks 
(probably dialm-**) of the di-trict, marked as ‘ gn'enstones ’ on the Geological 
Sur\ey Map; lie* richer parts of the Vigra and Clogau gold-mim»s occurred 
wber»‘ the bide, in cutting through the Ltiwer Silurian strata, had encountered 
such rtK'ks. 


Q. — Eozoon in a Calcareons condition (p. 18). 

Since the t<‘Xt was printed, a sp4*cimen of Kozt>on C’anadense, examined by 
PriiK'ipal Dawson and Dr. Garp^'iiter, has been found wholly composed of cnrbcv 
nate (»f lime, as is the case with most fossils, without the serpentinoiis materials 
that St) much rt‘st‘inhle asls'stifonn and other miiuTals as to mislead some ob- 
sc‘r\ers. This specimen, showing clinraclers tliat corrcjspond with those in the 
w'rjieiitinous speeinien.s, was found in the Laurentian rocks at Tudor, Hastings 
(’ounty, Canada West; i.iul it seems to have Iwen a young individual, broken 
off and buried in calcareous mud which has b(*conit‘ a micaceous limestone (or 
calcan*ous schist), on the surface of n layer of which it lies exposed by weather- 
ing.— Canadian Geol. Surx V, Report of Progress, pp. 17 &c., and (iooL 

Soc. Ixindon Proceedings, May 8, lK<i7. 


R. — Foramini feral Character of the Silurian Stromatopora (p. 218). 

In connexion with the occurrence of such F’oramiuifera of a large size as 
Eozoon in the oldest knowTi rocks, it is well to kec‘p in \ iew that lleceptoculites 
ha.s apparently some curious points of alliance with the Foraminifera (os indi- 
cated by Mr. Salter), and that, in support of Principal Dawson’s auggestion 
that some of the obscure zoophytic forms (such as Stromatopora) in the Silurian 
rocks might prove to be Foraminifera also, Dr. Carp<mtcr fiiid.s good grounds to 
remark as follows (in a letter to Professor Rupert Jones) : — 

Burlington House, June 12, 1867. 

I have examined all your specimens of Stroraatopora [S. striatella, 

from the Wenlock beds], and do not find any of them in good condition for 
showing the structure. The shell-walls (!") have undergone a change into crys- 
talline calcite, and are not clearly differentiated from the matrix which fills the 
cavities. In this respect, however, the condition of these fossils corresponds 
closely with that of Palaeozoic Foraminifera in general, such as the Fusulina 
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of the Carboniferous Limestone. Looking to the general arrangement of the 
chambered structure^ I can entertain no doubt that the true Stromatopora, as 
represented by the specimens you have placed in my hands, is a Forandniferal 
organism.** 

Dr. Carpenter has also carefully examined a portion of the specimen figured 
in Plate XLI. fig. S2 (named * Stromatopora nummulitisimilis ’ in the Sil. Syst.), 
and he corroborates the statement given in the last edition as to its oolitic 
nature; for he finds it to be unmistakeably pisolitic, being formed of small 
concentric calcareous nodules, imbedded in a matrix consisting of comminuted 
shells and other organisms. 


8 , — A New Theory of several former Glacial Periods (p, 505), 

In the concluding pages of this work a brief allusion only has been made to 
what I term the great glacial period, which some geologists believe was divided 
into two epochs, separated from each other by a long lapse of time, during which 
a rich vegetation flourished, and w^hen, according to certain wTit(*rs, man him- 
8(jlf existed, llecently, however, this theory, founded on the changes in the 
obliquity of the <*cliptic, has been ingeniously exttmded by Mr. Croll to what I 
cannot but C/OnHid(^r much beyond its legitimatt* application when he speaks of 
evidence of ice-action during tlie Devonian and Silurian epochs ! In fact, great 
length of time being allowed, his theory may be applied during all geological 
peiiods. 

Now this view is entirely antagonistic, as resjx^cts the* Palaeozoic eras, to the 
facts and reasoning brought forw ard in this volura(\ The wide, if not imiversal 
spnuid of the same marine animals during the Silurian epoch, and the similarly 
broad extension of the same land-plants in the l)evonian and rarboniferous 
epochs, an^ all evidences of the then prevalence of a mild and equable tempera- 
ture. In those early perimls w^heu the same groups of animals were so widely 
difiused, then* could ha> e bi'en no lofty mountains and equivalent deep seas, 
inasmuch os the latt<‘r would have operated ns positive barriers to such wide 
extension of marine civatun's. 

If thow did not then exist that great variation of outline which became do- 
minant in tlie Tertiary times and has increased in our epoch, and if in the 
Palieozoic ages low or moderately high tracts of land alone prevailed, I have yet 
to leam what cause could then have operated to bring about a great extension of 
glaciers like that w'hieh n*ally took place at the close of the T<*rtiary period, wlum 
the loftiest mountains had been raised up, the cold climate being dirt*ctly coin- 
cident with such elevations of vast masses of land and extensive sea-bottoms. 
Admitting for a moment tin* applicability of this theory of Mr. Croll, would 
not, 1 ask, the intervention of ice-action in warm, humid, and equable periods 
have left some traces in tin* imtural-historv pn>ducts of such colder fits ? Ought 
we not to meet with some animals and plants indicative of such cold climates P 
But as no signs of this sort have bei*u detected in Paleozoic rocks, I cannot 
admit that a few striated sU>nes or erratic blocks detected at wide inten'als only 
in some old conglomerates, can in fairness be adduced as indications of such 
grand and general changes of climate in those olden days, when the seas of our 
planet and its lands contained, as far as observation goes, no living thing which 
does not bespeak a moderate and moist if not a w*arm climate. 

On this point, indeed, my own view' is siip})orted by the opinion of Sir CharK*s 
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Ljeli In hia last concluding remarks on dimate^ and after showing that a 
“ warm, humid, and equable climate must have prevailed in Palieoioic times, 
he, alluding to the indications that hare been discovered of intervening glacial 
action in the Miocene, Ekxrene, and Permian eras, makes this pertinent reflec- 
tion but no decided changett in the character of the organic remains have yet 
been shown to accompany the inorganic proofs of supposed glacial action of these 
remoter periods.*’— IVinciples of Geology, 10th Ed. (1807), vol, i. p. 232. 

Now, if so good an authority seems to doubt the validity of the evidence of 
glacial action in the Eocene and Miocene c^ras, when the suiface of the earth or 
the relations of land and water had much approximated to their existing qgt- 
lines, how infinitely more must we demur to glacial action in the Primary ages, 
when a warm, humid, and t*quahle climate prevailed so generally ! 

For these plain n>a8ons 1 demur to the extension of the ingenious reasoning of 
Mr. Croll as founds upon the glacial plienoraena of the Arctic and Antarctic 
it'gions, and I submit that it cannot be applied to the enormous areas which 
were under wat<T or raised inU^ moderately h>fty lands in Palaeozoic times. 

At the same time I willingly grant that there may bi> much force in his 
reasoning when applied to regioas within the influence of the polos. In short, I 
bow to the opinion of Sir John Hi‘r»ohel •, “ tluit tho very considerable extent 
to which in immensely long peritnl** the oscillation in the eccentricity and incli- 
nation of the ecliptic, combiiieil with movemt*nt of the apsides, may airoct our 
climates, nia*<t Is* very influential upon the quantities of ico and extent of 
glacial pr<Kiurtion.” 

Nt>twithstan(liiig my w'epticism tt* to the existence of ghveiers and extensive 
glacial action during any period anterior to Tertiary times, I think it right to 
stale tlmt the examples of erratic hloc'ks of granite and gre(‘nstono in the Chalk 
of Croydon t, and of a drifted block of coal in the Chalk of Kent}, may bo 
rationally accounted for by the supposition that they were carried southwards 
by shore-ice floating from the Arctic regriems. 

There is another part of Mr. (’roll’s paper wliich must sadly disturb tho con- 
victions of geologist wlio have referred the presence of sea-beaches and marine 
shells at difl’eivnt heights to successive ele\ation of shor(*s and s<‘n-bottomH. 
He, on the contrary, is disposed to refl-r th»*m to great periodical ris<‘H of tho 
8<‘a-level, due to the melting of vast masses of ic(‘. Hut such a cosinicul theory, 
however ingenious, cannot he allowed to ovfThear g^eolngical induction bas<*d 
upon numberless w’ell-n.**certained proofs of elevations of the land. In Hh(»rt, all 
geologists, as far as I know, subscribe to th(» truth of the apparently ])aradoxical 
aphorism of my (»ld IVii nd Greenough, “stiibility of the waves, mobility of tho 
land.” 


T . — The ^Silurian Pussar/e^heds in Shrojf»hire (jip. &c.). 

The details of a very’ interesting sen^^tiou of the Upper Silurian ibwsage-beds, 
with the two Hone-beds in place, at Jdidey in Shropshirt^, were given by the 
late Mr. G. E. Hoberts and Mr. J. Kandall in the Quart, .loimi. (bsd. Soc. 
vol. xix. p. 2211 : and in the same volume, p. 2.T3, Mr. Hoberts desc*ribt‘d and illufi- 
trated some tracks of Crustaceans or Fishes in the Hassage-bcfds near Ludlow. 


* Letter to my*elf, Jane 
t Quart. Journ. Geol. Soc. toL xit. p. JW2. 


I Ibid. rol. xri. p, 93li, 
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tJ . — The Occurrence of Eozoon Canadenee in Limestone of the Laurentian 
System in Finland (pp. 13 &c.). 

In tlio Bulletin do TAcad. Impdr. des Sciences de St. P^tersbourg, vol. x. No. 1, 
p. 161) Prof. Pusyrewski describes tbe occurrence of Eozoon Canadense in the 
limestone of Hopunwara in Finland. He describes the rocks in the Government 
of Wiborg and vicinity as consisting of: — a great lower series of orthoclase- 
gneiss and homblcnde-rock ; and an upper series of gneiss and schists, divisible 
into two groups, in the lower beds of each of which are bands of marble. The 
lim^tone (at Hopunwara) of the lower of these two subdivisions contains ser- 
pentinous bands, granules, and filaments, wdiich Prof. Pusyrewski recognizes as 
being lik)zoonal in structure, and exactly similar to those described by Logan, 
Dawson, and Carpenter, proving that these rocks of Finland correspond in the 
main to tbe Laurentian system of Canada. 


V . — LinyuUlla in the Upper Cambrian Bodes of St. David's (pp. 24 &c.). 

At the Meeting of the Geological Society on June 10th, 1807, Mr. J. W. Salter 
read an account of the discovtjry of a minute Lingulella in tlie red Cambrian 
rock of St. David’s, which there underlies the ^ Priinortlial Sduriau ’ (tnihi). Ac- 
cording to my view (and I am entitled to judge by acquaintance with both 
districts) the rcx:k in which this small fossil was found may Ik" paralleled in age 
with the uppermost or red portion t>f my original * Cambrian ’ (»f the Ixmgmynd 
(18ii6). This unique Lingulella is pronoiinccMl by Mr. Salter to be of the same 
species ns one commonly found with Parndn\ides in the zone which I term ^ Pri- 
mordial Silurian/ viz. L. ferruginea (Sidt.) ; but Dr. llieks distinguishes it as 
var, oval is. 
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jrmndis, ,’»l 

iiumbiltK 174. 

Africa, J*ala'i>/.*»ic nvk)» of, 17. 

Ajjaasu. 2o2. 2:»^. 2;»1». 2l»H, ;k4, 

Miy 

A^jelat^nnitcs DuchianuH, 1\U. 

Ajiiiostus Macttnii. .'I 

pnncciw, 4.'i. do. »'»1 2<W. 

— — tnnoduH, 2<4. 

sp.. .M. 

Aikin, Mr. A.. (»5. 

AllM'rtitc, 2.‘»<i. 

Alison, Sir A., skeUdi by, 14D, 

Al}>s. I’ala*ow>ic riH'ks of liic. 

Alt*'nMt<Mn, il21. 

Aliini-Hlat4*s of >’orway Mini Sweden, (i2, 

:m 

AlvtNjIiies Lab*‘e)m, 1 l‘J, 

iStenoj>om) fibroHus, ISp. 

AnilHnnehm Triton. 

Arueriea. |:old in, 4<W , minute Silurian 
fossils of, .'40 ; I’alu ozoie rucks of, 
IS. 4;4 ; of liritisb North, 4;t4 ; of 
North-w<*«tcni and Andie, 4.’lf* , jictro- 
leuni in North, 44.‘{; table of l^ie order 
of su{M>r{>otiitiori of the rahi'ijzoic roi’ks 
of North, 44b, 

Ainjiyx nudus, 2^0. 

pra^nuntiu.s, 2b?l. 

-indei^m. Dr. J., 2i>.3, 2f><». 

Anderson, Mr. G., 2G4. 

Andrew.s. Prof., 444. 

Angelin, M., 44. 2<r2, 347, ;fo4, 371). 

Angelina Sedgwiekii, .">1, 2<KL 
Aiigleaea, metatiiorphoaed Cainbrian nxrks 
of, Xk 

Annclide-burrows in Cambrian rocks, 2S , 
in tin* Stiper Stoneii, 40. 
Annelide-tracka fniin the Lower Silurian 
roelw, 3L)L 

Anuelido4ubc« from the North-western 
Highlands of Scotland. ICC. 


i AnsUxl. Prof. D. T , 21 ) 7 . 47 ) 0 . 
j Anthnw'osia acuta, iUK). 

Anliix>Hti, 434 ; Silurian fiKHails of, 645. 
Ai»i<K'y.>ilites )M'ntren)itoides, 222. 

I Anpbx'roHs, 172. 

j Arm'hnophylltim (Stronibodos) typus, 21i). 
! Arbroath flagstones. 231, 206. 
i Art'hiae, M. d\ 304. 407, 418. 
i Arelie America, Pnbeozoie riK>ks of, 4il9. 

! Arctic regions, Paheozoie rocks of the, 10. 
Arenieolites didyma, 28. 

Arkos<*. .‘47. 

Asaphus expansus, X>7. 

t Isotelus) gigas, 174. 

— (Isotelus) llomfrayii, 203. 

Powisii, 2t4. 

tyraiiiius, ,31. 

Asetwvms Ikirrandii, 2ik‘). 

Ash, Mr. d., 4(5. 

Asli, \oIeanie, 77. 

A.Htaeoderiniita, ,342. 

Atkinson, Mr. 3', W., 308. 

Alrypa de.squumata, 278. 

I (Irayii, 220. 

I hcmisnhieriea, IK). 

ndieulans, 00. 

At they, Mr, 

’ Aiieheriiispis Sulteri, 140. 

1 Aiishkul, Simtliern L'ral, Lake of, 4r4. 
Austin, Major, 222. 

Auslrulia, gold in, 4)50; Pahi-ozoic rocks 
of, IS. 

1 Aveliiie, Mr., 31. SO, Krj, I(X3; seo also 
t Geological Suriey of Great Uritain, 

I pasAifH. 

, AvuTula Danbyi, 22s, 
j Avon, valley of the. 407. 

Ayniestry Lime'll urn-, 128. 

Ayrshire, eisil-field of, 202: Old Ktsi Sand- 
stone of, 2.i0; Permian nxiks of, 332; 
Silurian ro^’ks of, 1,33. 

- Baggv I’oint, 272, 270- 
; Hailey. Prof., 4;j8, 430. 

Uaily, Mr. W. H., 20, 

Lain, Mr.. 17. 

Halil format h»n in Wales, 70, supix>rtiriff 
conformably tia* Tarannon slutles and 
* Denliighshire grits, Krj. 

Ballochrnyle, Ay rMliin% .‘1.32. 

I Han tf shire. Old Keii Sandstone of, 262. 

‘ Hanks, Mr. R., J.‘f8, 130, 240. 

Barkly, Sir H., 4C4. 
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Barraii&, Bl, 17, 42-47, 96, 199, 203, 
216, 237, 360, 854, 364, 371-382, 433, 
480, 503, 606, 639, 646. 

BaTarii^ LaurentUn rocks of, 12, 372; 

Silurian rocks of, 371. 

Bock, Dr., 62, 6.39. 

BocklM, Mr. S. H., 482. 

BeineH, Dr., 32.3, 324. 

Belcher, Sir E., 441. 

BelfHst, Permian rocks of, .3.36. 

Bcleium, Paheosoic rocks of, 398. 
Bolleronhon acutiis, 199. 

bilobatUH, 68. 

dilataiuH, 199. 

— nodusus, 68, 

yxiriurbatuH, 1 IHl. 

trilolniiiis, 90. 

Belt, Mr., 467. 

Ben Ijawcrs, 172. 

Bon Nevis, 172. 

Borgor, Dr., 3.'W. 

Benier, M., .384. 

ItcrricUhs 2.35. 

HiTiholot, M., .‘W17. 

Berwiekshiro, of, 201, 207 ; Old Rod 
Snmlslone of, 240. 

Berwyn rnountjuns, Llandeiloand OanidcK* 
roi'ks on the cjwt Hank of the, 60 ; Llan- 
deilo IkhIh of (ho, 52. 

Bevan, Mr., 20<). 

Beyrich, M., 325. 

Boyriehia oomplicata, 51, 204. 

— KluHleni, 2.*H. 

Bigsby, Dr. J. J.. 22. 113, 106, 221, 268, 
426-4,34, 4-10, 486, r»02. 

Billings. Mr. K.. 200, 426, 428, 420. 435, 
440, ,^4.^, ,M6. 

Binks, Roxburghshin^ Crustwmn Inurk 
from, 151, 

Binney, Mr. E. W., ;J02, 310, ,320, .‘Wl, ik’U 
Binl’s-eye linu*s(one, 428. 

Bimdiof,* M , .302. 

Bituminous sbale, 305; in the Old Red 
Sandstone of Caithness, 2r»8, ,542. 

Blm^k Band iron-ort', 292. 

Blaek Blount am, 244. 

Bhu'k-river linu'stA»ne, 428. 

Blackwell, Mr, 117. 

Blako, Prof., 471. 

Blavior, M., 407. 

Boblavc, M, de, 410. 
lU>ek.‘M.. :i61. 

Boei^k. M., tm. 

Bog Mine, igneous rtvks of the, 76. 
B<»neinia, Cambrian rocks of, 22, 31 ; gold 
in, 4f»l ; Laurentian nx4s of. 12, 372; 
Permian rocks of, J125 ; Silurian i\H*ks 
of, 371. 

Bojie Qiieiss, 37.'i 

Bime-bed of tJie Ludlow rook, 1.34. 

Bone Well, Upper Ludlow rooks at the. 
132. 

Bothnia, Lower Silurian rocks of the Gulf 
of. im. 


Botville, 64. 

Boulonnais (Bas), Deronian rocks of the. 
411. 

Brachiopoda from the Caradoo forma- 
tion, w ; OarboniferouB Limestone, 2%» ; 
Lingula-flags, 43; Llandeilo formation, 
48,51; Llandoveiy rocks, 210; Lower 
Silurian rocks, 192 ; Middle Devonian, 
278 ; Permian rocks, 339 ; Upper De- 
vonian, 279 ; Upper Llandovery iv)cks. 
90 ; uppermost Bone-bed, near laidlow, 
141 ; Upper Silurian rocks, 226. 

Brachymet(ipus Ouralicus, 299. 

Braun Um, 272, 279. 

Brazil, Carboniferous rocks of, 304. 

Breadalbane, Marquis of, 451. 

Breccia, volcanic, 77. 

Brecknockshire, Llandeilo formation in. 
.57 ; Ludlow rocks of, 137 ; Old Ral 
Sandstone of, 245. 

Brecon, Fans of, 58. 

Breiddcn Hills, near Welsh PfK)l, 80. 

Brc'wcr, Mr., 471. 

Brihm, invorte<l strata near, 403. 

Brindgwood, 124. 

Britain. (Carboniferous rocks of, 287-291 . 
Coal-measures of, 2tt5-2Kt5 ; Devonian 
rocks of, 271-280; gold in, 449; Old 
Rwl Sandstone of, 24.‘1-271 ; Ponuuin 
rocks of, 327 ; Silurian rocks of, 37- 
148 ; Table showing the vertical range 
of the Silurian fossiTs of, 507. 

British C-o)umbia, gold in, 468. 

British Nortli Amenta, Pala'ozois nxjks of, 
4.34. 

BntOmy, Devonian rocks of, 411 ; Silurian 
rocks of, 4<K 

BrcK'sciird's (’astle, 64. 

Brodenp, Mr. W., 126, 4^'^2. 

Broken Stones, north of Woolston, 89. 

Bromcl, M., r».'18, 

Bromley, Kcv. C. II., .303. 

Brongniart, M. A., 28“, 297. 3.31, .‘1.37, 
414, f>;t8. 

Bronn, l‘rof., 287. 

Brown, Mr R., .302, .3.37, :i.‘18, 462. 

Brown, Rev. T.. 292. 

Bryce, Mr. J., .'l.‘l,5. 

Buch. Baron IxM|>old von, HtO, 313, 32,3. 

Bucklund, Rev. Dr., 4, 2’.K'<. 

Builth. Llandeilo Flags and Upj)er Si* 
liirum riK'ks near, 59. 

Bumastes Barrieusis, 111. 

Bureau, M , 41 1. 

Burgh Head, 266. 

Burrow , Mr. John. IKi. 

BiUtner. M., 323. 

Byron, Mr. Ryland. 180. 


Cabral, M. J. A. C. das Nevea, 421. 

Cader Idris, Lingula-flags of, 41 ; section 
of, 83. 

Cacr Carad<v, 64. 65. 

Caermartiien Fhn, 68. 
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Gtennwrthensbire, LUnd^ilg formation in, 
57 ; Old Red Sandstone of. 246. 
Caithneoi, 109; Flags, 258. 542 ; Old Red 
Sandstone of, 256 ; plants from the Old 
Red Sandstone of. 2^. 

Calceola sandalina, 278. 

Calciferous sand-rock, 428. 

Calciferous sandstones of Scotland. 293. 
California, gold in, 470. 

Calp, 294. 

Caljmene Bliimenbarhii. tW. 

brerioapitata, 61, 204. 

— duplicata. 61. 

parrifnia-*. 61. 

— — tuherculosa, 2IM. 

Cambrian rocks, 14: fossils of the. ’>* . 
Lingulolla in the UppiT, .ViO . uf On 
tain, thickncHs of the, l*M; of Vorwa?. 
34^. of the north-wosU'ni Hijihlamls. 
KVI. 

Cambrian M’sfein 7. 

Canada, trev«tO|»> i»f, 131; irold in 4(*8. 
Ijaurcntinn r»K'k- <if. 11 . !*alxr,**i*ir suc- 
cps-ion in 4-11 
Canobv «wil-rn*lfl. 

Canuhie niul l.landcilo rocks in South 
Walt'S. n'laticiTiH of tlu*. 73. 

Canuhn- format ion *’*.‘1; in Hritii*h Nortli 
AnifTii’n, 4.'W» . Norwar and Swetleti. 

W ales, 7(>; siipjHirting < onfwrnmblv the 
Tamnnon shales ami IVnbighshire grits, 
H>2 

('nradiK* range, new of the, 34. 

Camdoc sandMom* to the l'p|KT Silurian 
riM'ks in Shn»p<^hm*. relation of the. 
(VI 

Carltoniferous Limestone of Simtlaiid, 2‘.t3. 
Carlsaiifenms |kti>kI, itleal \iew of theve- 
gt'tutum of llie, 

Carls in iferon*^ rtn-k-. 13 , distrihutnm <»f, 
«kl3, in (X'litral and e>>uthern Kiigland. 
geiieml pclatioiiit uf the 2'''* . of 1U*1- 

gium htl . Hntifih .Nxiifi .Viuen a. ♦.‘17 . 
FraiiOf. 412 ; (ln*al Hritain 2‘'7 . Ire- 
land, 2^2. 21V1 : P.irtugnl. 121 ; the 
RheMi**h J*rotimx>i. H)1 . UusHia, ‘Wm ; 
Setitlaml. 21>1 , .Spam, ll^'. the t’nittxl 
States. 431. 

Carboniferous HluiUm of Ireland, fossil 
Reptih*H in the, '{0‘i, .643. 

C’arboniferous Slate of Ireland, 2tM. 
Carlojis. 249. 

Carmarthen. Carlin Iferous rr>cks of, 288. 
Carpenter. I>r. W. B.. 13, .‘ITVi, f>47, 648. 
Camithers, Mr. W., ;V»7 ; on OraptoliieM. 
6;i8 

('aeiano de Prado, M , 17, 416 419, 
Castelnau. M.. 423. 

Castle Hill Dudlev, 117. 

('atrine, ,*1*12. 

Caucasus, Pabeozoie rocks of the, 338. 
Cauaation, former intensity of, 489, 
CepliaLaspis Murchiw»ni, 141, 

y omatu.s 140. 

Cephali»poda from thcCarboxiiferousLiine- 


stom, 299 ; Llandeilo formation, 48 ; 
Lower Silurian ro^ 200 ; Lower Silu* 
rian rocks of SAland, 166 ; Silurian 
rooks of Russia, 357 ; Upper Dcronian, 
279 ; Upper Silurian rocc^ 2«*12 ; Upper 
Silurian rtH»ks of Scotland. 160. 
Cepluilo{^>oda in the Silurian period, abun- 
dance of, 606. 

Cemtioenris. 2.‘I6. 

Ccrio|x>ra oculata, 1 19. 

Chapman. Prof., 42VI 
Cliasy limestone, 4‘34. 

I CheiruruH bimuenmatus, 236. 

{ elavifnm!*. 206. 

I PriHieriei. 2lK‘l 

Chemical analysis showing the absence of 
Pho)*|»hone acid in the rtK*ks liolow Uw 
Silurian Deposits, 6iJ7. 

! Chene\ liongvills Hags, 67, 69, 88 ; fossils 
i of the. 79. 

CheMot Hills. 161, 218. 

Cliui.a IS ; I>e\oMian rtvks of, 400. 
ChnMiiinia, .348. 

Cladogrfipxu.H iint'ari'*, ,641. 

' Clarke, Rev W. IL. IS. 431. 13,3. 
C3aj*hhinnie, 23,6. 

I Cleavage, slaty. 32; TrilohiUw diatortcMl 
I hv, 29.6. 

; CUv Ilill.H, 246, 299. 

. Cliiniu'ograptiis Hcalnris, 31, 

I Clinton grtMip, 429. 

I Clognu gold-mine, near Dolgelly, Merio- 
! nethehire, 4.'>9, .''>43, 

! Clydi* Carbon I feroits rocks of the, 202. 
i Clynienia undulatn, 279. 

I (hial-lusiii of the CUhi Hills, 29(6. 

I (.6)aIhro(>k Dale, valley of the S<*vem nt, 
i 497. 

[ Coal, formation of. ,'t94. 

' Cind-hirmution of British North America, 
j l.’iS , Kiiglnnd and Wales, 296 ; France, 
412; Russia, 3ti.6 ; Si'utlttiid, 293; the 
UiiiUhI States, 1.32. 

Coal of Northuinlierlnnd and Rerwick- 
shin*. 291. 

('mxxjsfi us dei’ipicriH. 232. 

(’amites juiiijHjniiiM. 120. 
i f ol'-niun. Rev. W II . ,*C16. 

; (’o’lcgfio, M., 422. 

; Collomb. .M. K., 11.6 419. 
fVilonies in the Sihiri.in roi'ksof Bohemia, 

I 

I Colquhoun, Col, 439. 

Columbia, gold in British, 438. 

Comlje Martin, 272. 273. 

. Coniferous trex* from the Old Red Hand- 
j stone of Caithness, 2f5iL 
: Coniston grits, 147. 

Connemara. Silurian rocks of, 179, 
Conocoryphe depressa, 43, 293. 

1 invita, 43. 

I Conodonts, 134, 356, 544, 
i ('onrud, Mr., 427. 

; Constantinople, Devonian ro^'ks of, 398. 

I Conularia elongata, 199. 
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Conjbeare, Bey. Dr., 343 ; and W. Phil- 
lips, 4, 

Cooling of the oarthM99. 

Cooper, Dr., 442. 

Copley Medal awarded to Sir B. I. Mur- 
chiHon, 0. 

Coqtiand, M., 17, 331. 

Corals fr<»m the Caracioc formation, G8 ; 
Carboniferous LiinesUmo, 21111; Lower 
Silurian rocks, IftH; Middle Devonian 
rocks, 27H ; UpfKir Llandovery rocks, 
IX) ; Upfior Silurian rocks, 211) ; Wen- 
lock Limestone, 111), 12(1. 

Cordicr, M., 425. 

Cork, Devonian rocks of, 175. 

Combrook Coal-basin, 220. 

Conicocklo Muir, .‘131. 

Corndon and Slielvo, 20. 

Coriidon mountain, 42. 

Coniifcrous limestone, 431. 

Cornwall, Devonian nwks of, 271 ; gold 
in, 45(1; Silurian rocks of, 14,''». 

Corl-on, near I’restcign, Lower Wcnl<»ck 
LimcHlono nt , 107. 

Corydalis? Drongninrti (wing of), .3(K1. 
Cossatelii-Dalclii, South Cral, 455. 

Cotta, Prof. I)., .‘1H2. 

(’owcll. Mr. .1. W., 412. 

(Vanin divaricnta, 124. 

Creduer. llcrr, 315,317, .m 
€rcl4ic(*ous rocks, gold in, 47(1. 

Crinoids from the Jjower Silurian rocks, 
12(1; Wcnl(M’k Linu'Htonc, 22(1. 

Croll, Mr., f»(15, MM, W2. 

Cromarty, 254. 

CrosHopodiii Sctitica, 201. 

CrotaliKTinuH rugosus, 22*1. 

Crusta^a'H from the (Vrlsmifcrous rocks, 
22S ; Lingula-flng.s, 44 ; I vower Silurian 
nw'ks, 202; Old It<Ml SandMt.«»ue(»f llere- 
fonlsliirc, 24(5 ; rasHage-ls*ds, Ludlow, 
14(1; Silurian rocks of Kussin, 357; 
rpiM'r Devonian, ‘272 ; rpjHT Silurian 
rocLs. ‘234; I'pjver ISilurian rocks t»f 
SiMtland. 151, 1(52. 

(Vustaci'an track finmi Binks, Roxburgh- 
shirt*. 151. 

Cruxiann ismiiplieata, 43. 

CrysUdUne riH’ks rt^ulting from cbangtM* 
of sedimentary dc}HN»its, 2. 

CUmodonta obliqua, 126. 

varicosa, 126. 

CucuUica Hardingii. ‘272. 

Culm, slarfi of, 21 h). 

Cumberland. Silurian rocks of, 146. 
Cuniming, Isidy Gvinlon, 250, 364. 
(Hinningham, Mr.. 142. 

Cuvier, tlaron, 484, 501. 

Cwm-y-gervini, 73, 

Cyathopnyllum articulatuin (C. cn'spi- 
tosura), 230. 

truncatum (C. dianthus), 230. 

Cybele Terruoosa, 306, 

C^clonemn rupestris, 197. 

Cyphaspis me^ops, 335. 


Cyphoniseus sooioliii, 206. 
Cypridinen-Schiefer, 396. 

(^rtoceras infeauisej^um, 200. 
(^rU)grap8U8 Murchisonii, 541. 

Cystidca from the Lower Silurian rocks, 
121 ; Wcnlock Limestone, 222. 
Cystipliyllum cylindricum, 230. 

Siiuriense, 2*20. 

Dahll, M. Tcllcf, 346, a52, 353. 

Daintree, Mr., 4(55. 

Dalimier, M., 4(17, 400. • 

Dima. Dr. J. D., (53, 182, 201, 221, 2;i: 

427, 428, r»(K5. 

Dartmoor, 272, 274. 

Darwin, Mr. C., 12, 54, 425. 462. 423. 
Daiibcny, Dr., 28, ,5^17. 

Daubr<l*e, M. A., 307. 

Davidson, Mr. T., 18, 42, 186, 10.\ 2(Ki, 
22.^-227, 3‘28, 340, 400, 411, fi07. 

Davis. Mr. E., 41, 102. 

Dawkins, Mr. W. Bovd, 482. 

DawB<m. Dr. J. W., li, 20l, 287, 302. :U1,\ 
426. 428, 432. 437-432. .W. 

Di'an Forest, ('’arboniferous rocks f>f, 288. 
Doan, Mr. A., 4.'>0. 

D«‘chcn, Ilcrr von, 320, 324, 3(15, 31H5, 
402. 

Dckny, M., 163. 

Do la Bechc, Sir U. T.. 36. 42, 73, 112, 
243, 271, m 
Dclanoup, M., 411. 

Delesst', M., 467. 

Denbighshire grits and Tarannon slmlcs 
overlying the Curadoc or Bala fornai* 
tion, 102. 

Dendrograp.sus lentus. Ml, 

Denudation, 422. 

Depn^ion and elevation, gradual and 
jiaroxysmal, 421. 

Derby sliire, Carboniferous rocks of, 288 ; 

IVrinian ns’ks of. 3^11. 

DcKir. M.. 3(12, 426. 

Devtmian rocks of Bt'lgium, 3(18 ; Britain. 
271 280; British North Arnerim. 437 ; 
C«irk and Kerry, 175; Franee, 410; 
Ireland, 280; Suva Scotia and New 
Brunswiek, 432 , Poland, .‘164 ; Rhenish 
Provintx*H. 32.3; Russia, tl61 ; Saxony. 
38,^ ; Smin, 418 ; the Harz, 321 ; Thu- 
ringia, 38f»; Turkey, 328; United States, 
4;50. 

Devonian rix'ks to llie Carboniferous, re- 
lations of the. 280. 

Devonshire, Devonian rocks of, 271 ; gold 
m, 450 ; Permian rocks of. 1133. 

Devon, section acros.^ North, 272. 
Diastopora? consiiuilis, 120. 
Dich<»grapsu8 Sedgwickii, 541. 

. Dick, Mr. R., 2(58. 

' Dierauograptus ramosus, 61, 541 
J)iotTonenm sociale, 46. 

J Didyinogra|)sus geminus, 48. 

j Murcliisonii, 51, 61. 

! aextans, Cl. 
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Dinger, M., 322. 

Dinffle ProinouU>ry, 178. 

Diphignip«U8 folium, 61. 

— nodosuA, 61. 

prutia, 51. 68. 

? toretiuACiilus. 61. 

Diplopterus borealiit, 264. 

Dipterus macrolepidotufi, 263. 
Distribution of gold, conclusions ns to the 
origin and, 472. 

Dolgflir. gold-mines neor. 4.V). .>46. 
Diilomito. eonrersion of brddwl Zcch.stein 
into. 321. 

Doneti River. eoAl-beds near the. ,‘167 
IX>vre-fold, granites of the, 3.'Cl 
Downton ( Hstlo lmiiding>sUme, hio. 
Dune. Ix)pd. UH>. 

Dudley, trom the Wrens Ni'sl, view of, 
117. 

Dufnnoy M.. 4(i6>, 407, 414. 

Dumont M., ‘UW ,'^.♦4. 4<U-4u.'>. 

Duncan. Dr. \\ Martin, 22tt. 221. .’»07. 
iKiiinet Head. 2.V» 

Du N.iyer Mr tl. V. 176-1711. 

Dura I ten, 2«)6. 

Durham, ( '«ta)-mnu!iures of, 21*6 , P< nniiui 
HK'ks of. 3*27. 

Duroclier, M.. 4<17. 

DuHiuach. M., 411. 

Dynevor Park. Uimdeilo. 73; view of, 54. 
Dyson, Rev. F., 138, 2-K». 

Earth, probable carhest condition of the, 

^ I ; B<*cular cooling of the. llKl. 

Earth's crust, original introduction of gold 
into the. 448. 
hjwt Caini Hills, 2411 
Easter Rt»s.*,, 254. 

East nor. 1»5. 

Eaton, .Mr.. 427 
Eccuhoinplialus Bucklondi, 

Echinoderms from llie Lower Ludlow 
nx’ks, 127 ; Ixiwcr 8iiurittn rocks, llil , 
Wciilock Linie»to«e, 1. 

Echfiio-encniiiUii ariimtus, 22*2. 

lauvatu.s 2*22. 

EcijuiosjihaTiles Halticus, li»i 

gmnulatus, l*dl. 

Eden, valley of the, .'131 , 

Edinburgh, Carboniferous rocks of, 2fH , 
L’pj)«t Silurian rocks of, l.'ill, 

Edwards, Prof. Milne- and M. J. Haime, 
1811, 217-222. 276. 

Egerton, Sir P. O.. 141, 247, 252. 2«Hi, 
26;j, 2^8. 3*23, 324, 36»2. 

Ehrenbi»rg, Dr., 37»*i, 458. 

Eichwald! M.d', 162.2;i7,34;i.34;i,.351,357. 
Eifel. Devonian rocts of the, 3l>4 ; inver- 
sion of strata in the, 4<i3. 

Eisenach. Permian nx ks near, 315. 
Ekatarinburg, gold-shingle m-ar, 457 
Elevation and depression, gnulual and 
paroxvsmal, 491. 

Elie de beaumont, M., 380, 406, 44)7, 413, 
434. 


I Emmons, Dr. S., 427, 436, 482. 

I Encrinite stem fthe oldest known) firom 
I the Llandeilo ronhation, 48. 

! Encrinurus punotatus, 90, 235. 

rariolaris, 235. 

Sngelhardt, M., 382. 

Engelnian, Mr. H., 646. 

England. Carboniferous rocks of, 287- 
ihU ; Coal-measures of, 295-il06; Devo- 
nian rocks of, 271-280 ; Old Rod Sand- 
stone of, 243-271; Permian rocks of. 
327-344 ; Silurian rocks of, 37-148. 
Entiimontraon from the Coal-measures, 
,*101 ; Llandeilo formation, 51 ; Lower 
Silurian rocks, 204; Upiier Silurian 
rtK'ks, 2^14. 

E’nilic. Now Rctl Sand.Htono of, 3,*J4. 
Ko/tum, 12; in a ealcartxius (condition, 
547 ; in llavnria, 373 ; Connemara, 182 ; 
Finland. 550 ; North America, 12, 
425. 

Ermann. M. A., 17, .‘145, 346, 459. 

Ernton NhD, 150. 

Krriiigton, Miss, 471. 

Krtthoma, Plota of, .*158; I’jijht Silurian 
riioks of, ;i59. 

Etheridge, Mr. R., 42, 215, 272, ‘275, 280, 
21M. riO.3. .'lOT. 

Europi*, gt'ological nm{>8 of, ,*168. 
Eurvptorus laiuHMtlatu.s, 102. 

pygmaniK, 230. 

Evans,’ Prof., FLl. 

Evans. Rev. W. R., sketches by, 128, 120, 
1.‘14); quotid, L’k'l. 

Ezquerrii del iJayo, M., 415. 

, Falconer, Dr., 4K3. 
j Fans of Ilrwon and Cuermarihen, 245. 
t Favo.Hit<*s as^Kir, 1 10. 

i cristatus, 1 10. 

i (lutlandicus, 110, 188. 

fibro.Hus, 110, 188. 

Kuvre, M. A., 4*23. 

FeatlM*r!»tonhaugh, Mr., 420. 

Krm‘st4*lla ((JorgoTiui), assiiiiiliM, 216. 

Ixmsdalei (F prison), 216. 

Millcri, 216) 

rctifoniiis, 3.“5*. 

sulimtiqua, 

F.Tiiuiiiagh, Silunaii riH'ks of, 183. 
Ffestiniog, volcanic grits and folspathic 
ash m*ar, >^2. 

Fifo, 172; Carlionilerous rocks of, 201; 

Old Red Sandstone of, 250. 

Firihtnd, Eoz<x>n CanailcnDc in Laurontian 
rrxiks in, .550. 

Firth of Forth, 172. 

Fishes, Grst ap{>earance of, 477 ; from the 
Devonian rocks of Russia, 362 ; Ludlow 
rock and Passage-beds, 140, 240; Old 
Red Sandstone, 260; Permian rocks, 

rH2. 

Pitton, Dr., 451. 

Fleming, Dr. A., 18, 1,58. 

Fleming, Rev. Dr. J., 230, 251. 

2 0 2 



m 


INDEX. 


Flotoher, Mr., 222, 225, 234. 

Flintshire, Oarboniferous rocks of, 2B8. 

Flora of the Carboniferous period, 286 ; 
Old Red Sandstone, 268 ; Prnnian pe- 
riod, m 

Foraminifera from the Laureiitian rocks, 

13. 

Fopaminifeml character of the Silurian 
Stromatopora, 547. 

Forbes, Mr. D.. 18, 76, 117, 424, 467-474, 
547. 

Forbes, Prof. E., 186, 190, 191, 1%. 219, 
225, 481,482,501. 

F(uvliliarnmcr, I)r.. 62, 352, .*153, 491. 

Forcaand, North, 272, 275. 

F<»rrarMhire, Old IUhI Sandstone of, 251, 
542. 

Formation of coal, .304. 

Fortune, Mr., 18. 

Fossils from the black schists of the Mal- 
vern Hills, 45; Cambrian nwks, 28; 
Cnnuhs! formation, 68, 69; Curbojii- 
ferous rocks, 297 ; Chem'V Lon^ville 
fln^s, 70; Devonian rocks, 276; D<*\o- 
nian rocks of Ireland. 283; Ijnurentian 
r(H‘ks, 13, 5r>0; of Havaria and Uo- 
liemia, 373; liin^mla-na^^s (IVimonlial 
aone) <if the Malvern Hills, iK», ,^41 , 
Wales, 4.'1 ; Llandeilo formation, 48, 51 ; 
Lland(»very ns-ks, 207 214; Lower 
Ludlow roeks, 127: Istwer Silurian 
rocks, 61 ; of Kn^land, lH(»-2(t7: Ire- 
land, 174; 8c(»tland, 165, l(i6. lx)wer 
WenhK’k Limestom*. Ill; Old Ihal 
Sandstone, 259; I’alu'ozoie rocks of 
Niirtb America, 446; Pas?.a>yi*-lKMlK. 
Ludlow, 140 ; Permian na-ks. .‘t3t» . Si- 
lurian riK’ks of Anticosti. 431. .51.'». 
Itohcmia, 377 ; Knj^laml. 186 242 ; 
Hussia, .‘157; the Cmtetl States, 432; 
Stjper SloJies, 40: I jijuT Catnbrian 
nK’Ks..550; I’ppcr LlandouT;i riH'ks. ‘,t0; 
CpiMT Ludlow riK'k, 132, upjuTmovt 
Hone-U'd, m'ar Ludlow, 141 ; l’p|M'r 
Sihirian rts'ks of Kurland, 215 242, 
Russia, 3ti0 ; SiHitland, 151, 160, 162: 
Weidoek Limestone. 119. 120. WenloiL 
Shale. 1 14 

Ftwsils of llritaiii, table show ing the ver- 
tical raiip' of the Silurian, fH.tT. 

Foster. Dr. 1\ Is' Neve. 4*.^. 

Foster, Mr.. 427. 

Foimw. M. de, 4<l7. 

Kournet, M., 414. 

Framv, Paheiwuc nn’ks of, 4(H> ; Permian 
rts'ks of. .*U10. 

Fmn<H>ni:^ .*18.3, 

FmnkenliHusen, 319. 

I'Vappoli, M.. 407. 

Fnwior River, gidd-deposits of the. 468. 

Frilaeh. Dr. A., 12, 34:>. 373, 

Froinentel, M. de, 221. 

Fuixtids omnmon to the Medina sandstone ‘ 
and the Clinton group. 4.’12 ; fi\>in Mal- 
vern. 96; the Lingula-flaga. 4il, 


Fulda river, 817. 

Fundamental gneiss, 1 1 . 

Oabb, Mr., 471. 

Galway, Silurian rocks of, 182. 
Gasteropoda from the Caradoc formation, 
68 ; Low'er Silurian rcjcks of Englaml, 
197; S<*otland, 165; Middle Devo- 
nian rocks, 278; Upper Llandover\ 
nicks, ttO. 

Oat wav, 124. 

Geikic*, Mr. A., 11, 1.3, 149-1.53, 157-160. 
167-171, .‘k‘12 ; on the Carbon iferuns 
rocks of Scotland, 292 ; on the Old R<*d 
Sandstone of Scotland, 248, 249. 

Oeikie, Mr. J., 155. 

Geiiiitz, Dr. IL K, 12, 61 , 62, 72. 287, mi 
32.5, 32<i, :i37, .'1:1.8, 342. .‘182 -.‘1.86. 

Oelli llill, 78 ; wvtion across the, 81. 
Geological Survey of Great llritain./M/x.«5«. 
Germaiiv. J’aheo/.oic rocks of, 16, 381 . 
JVrinian nlek^ of. .313; Silurian igm* 
ous rocks of, 49 .V17. 

Gerville. M. di*. 407. 409, 411. 

Ochlin, M. 11.. ,‘>79. 

Gibl)s. Mr., 

(liebcl, M., :191. 

Ginetz IshU, :171. 

Girard, Dr., .‘l‘.»6, 

Girvan, Ayrsliire, 155. 

Glaeiul perKKl, .'>(t4. 

Gh«*ial periods, theory of several fornu'r. 
548. 

Glamorgan, Citrlionifcrous rocks of. 2.8'.^. 
tUnueonomc distieha, 210 
, Oleiuranfr grits. 176. 
j Glouec.st.Tsliire. Upper Llaiidoverv nM*k«‘ 

of. 9s 

[ Qhickslirunn. .’121. 
j Ghplocrimis ba.siilis. l‘,H>. 

1 <hMlwin-.\ust4‘n, Ciijit , 18, 
Oodwin-Austen, Mr. K. A. C., 271,27tl. 
280, 411, 412. 

Goppert. Dr.. 29, 287, 21H;, 324, 32*1. 
:l:i7. 

OoUl, I'onclusioiiK as to the origin and 
disinbiition of, 472. 

, Gold-digging.s in the I'ml Mountains. 
; 45,5. 

Gold-impregnation in the Ural Moun- 
' tains, iH'riisl of. 4f»8. 

Gthl in AiiKtraliu, 460; llritain, 449, .'>46* . 
Ilritish Columbia. 4t 18; California, 47<* . 
North America. 4<‘s'' ; Russia, 4.52 . 
South America. 469. 

Gold into the earth’s crust, original intro- 
duction of. 44^. 

GoniatiU's crenistria, 2*.Ht. 

Gonlon, R4 *v. l)r. G., 2<>4 2t»7. 

Gt>rgi's. formation of, 497. 

Graff, M.. 414. 

Grammysia cingulata. 229. 

triangulatii, 22tt. 

Grampians, Gld Red Sandstone of tiie, 
248, 2 (k5. 



INDEX. 


657 


Gmptolite# from the Camdoc formAiiuii. < 
ftH ; LUuideilo formatioiv 48. r>l ; Lower - 
Silurian rocka, Gl ; Mr, W. Camithera 
on, 

Graptolithua lobiferua. 61. 

priodon (^G. Litdcuaia), 61, iV^ 

S<xl|rwH'kii. Gl. 

tenuis. 61. 

Or»u-liiyende of Eiaenach, .'116. 

Gmv. Mr. J.. LVJ, ‘J26, 2.14. 

Orcftt Glen. 172. 

Gre»‘n. Mr. H.. ‘JIU. 

Greene. Prof J Rimt. TCtO. 

Grecnouffb. Mr G. ll.. 4, 3C». 64U. 

Gneaton alates, l.VJ. I.'k'I, 

Grimth, Sir K.. 17:V-183. 210. 212, ‘.nM. 
206. 

Gnndnd, Dr.. 45. IM, <.J6. 112 
Gulf of B«»tlinm 11’^'*. 

GuruUd, Dr. i\, 12. 572. 576 
Gunuaya Hills. I nd Mouritaina, iU2. 
GulbiiT. M. 1*26, .***2t'». 

(Jwaun 0«te 60 
GGlenluTg. M ;>47. 

Hadilmirtiinslun', Garlmniferoua r(K‘ka of. 
2*61 , OUl {stone of, 2**<^ 

Ihx^ivs lllliH, 117. 

Haime. M. Jiiltn. 27G 
Hall. Mr. 4.>. 

Hail, l‘r«»f dames. 10. 40, <>2, 021. 166, 

I '.HI 2:Ul 257. 2;i.'*, 121-452, 45^, ;k) 0. 
Hall. Sir JameM. 14^^ 

Hul\«il<*a rtitenulariiis 12<l. ISO. 

Hamilton, Dr , 2<V1 2t>>, 271. 

Hamilton. Mr J., ,*K>s, 5*6S. 

Hnne4K-k. Mr A.. 2iU. 

Hniit:nian Gnta, 272 
Hanter Hill. OK 
Hiiri^reii^er, Mr., 161. 

Harkm-rs. Prof. K.. 1 H’* I.H, l.'»S, lG^ 
171. IM. 50l :2kK5,'i2. .5:2.. 161. 

Harlan, Mr., 021. 
llnrltvh Orita, 41. 

Harle\.])r J., 151, 250. 210, 260, :i:.G. 
642 

llariHV Fbinajzani, 2tHl. 

Hartt. Mr. C F., 4,5.'». 4,50. 

Harz, PaUti.zoie nn-ks of the, 5'IU; Per- 
mian rxK'ks «.f the. .51 
Haiiwell, Mr. G. C’.. l.VO. 

Hawkahaw. Mr, 2‘.Mi, 

Hawn. Major F , .’142, 442 
Hav, BreokmK‘kj*hire. 244 
Hayden, Dr., .542, 442. 

Ha,>e«, Dr, 441. 

Heat, thetjry of intenuil, 1. 

Helderberp gTO>‘pt 450. 

HeliolitCH inordinatua, 1H8. 

mteratinctua. 120 

megnatoma. l^^. 

j»etahformi«. 120. 

tubiilatua, 120. 

Hell, M. Hoinnuiirc de, .'KlS. 

Helmenen, Gen., 546, Xtf*, :i6‘l-5tj6, l.'iO. 


Helmmthochiton Griffithii, 107. 

Henslow, Prt>f., 36. 
llercjninn Giieiw. 375. 

Herefordshire, Lower WtMiloek Limeatone 
of, 100 ; Old Red Sondatone of, 245 ; 
I'pper Llandovenr rocks of, 69. 
Henumel. Sir J., 640. 

Hoteroptxla from the Lower Silurian 
roekn, 199; Upper Llandovery rooks, 
*.H>. 

Hiblvrt. Mr, 29S. 

Hieka, Mr. II., 42, 52. 6^1, 202, 660. 
Highlands, gei>log>' i>f Uio nortli- western, 
i(k5 

Hinutlnvn, Pala'ozoie nnks of the, 17 
i Hmd. Prof. J.y., 458, 440. 

H. .nger. Prof., 221, 22il. 

HitehetK'k, Dr, 427. 

ILmr Edge, t^». 

Hoehi»ietu*r Dr., 12. 

Hof. ,57,5. 

ILinmann. (6.1., .‘Ma, 461. 469. 474. 
Hofmann. Dr. 15‘.>, 2.*8, 642. 

Hoil. Dr. II 11., 14, 46. 95-96, 112, 2Ji6. 
lloIUhush Mindatone. 91. 
llolopea eoiieinna, 197. 

Ho1o|m'11h cnmvllatn, \M). 
lloIlKtlollMtuS hisulllltUH, 61, 66. 

1 delphouMVphahm, 111. 

i llomfniy, Mr, I).. 4{J. 

Honevman, Dr, 4.'18. 
i H.ioker, Dr. J. D., 241, 2.5*9, 270. 
j H«M»k point, PiMiihrokehliire, 145. 

H<»|»e llowdler, tV4. 
j llopkiiiH, Mr. W., 5, 4m. 
lL»mer. Mr l^nmard, 95, 97. 

Howard. Hon. J.. 617. 
j Ih.ws,.. Mr R , .510, ,526. .'CiG, 558. 

I HiaUon’.H Hay i<-rritorji, 441, 

' HikLoij - river eroiip, 427. 

* Hull. Mr. E.2*.*l 

; HuiiiLddt. Haron. 17, 424. 45.6, 474, 476, 
j Hunt Mr. K., 4.60, 

I Hunt, Mr 56 Hn-rr'v , 45, .'107, 42G, 42‘J, 
j 14.5 446. 4<W. 

; Huronian riMcks, I2fl 151, 
j Hutt**n, .Mr. 14^. 

i H.ixlev, Prof. T H. 100, 257, 210, 
29M, .54 rj .50,5. .545, 645. 
Hymen* K’aris verm 11*101(1(1, 41 

l‘rne**uu na-ks asM<M-i:thsi with the Ixiwer 
•Silurian. 49, 7G, 70 . eomparod with 
their German <*<|uivalentfi, .637. 
llehenter, Eirl of, ,'146. 

IlfraeoniU*. 272. 27G. 

Ilhenuh Daxisii, 204 
Hhnoi-*, Pald’fyzoic rocks of, ;''»46. 
fnM^*<'t from the (.'oal'nieaMuri*M. 5(X1. 
IntruMxe rocks in the Isjwer Silurian. 
79 

Inversions of strata, *105. 

Iowa, K«'oloff\' of, 45,5. 

Ireland, Cnrooniferous rocks of, 2S2 ; De< 



558 


INDEX. 


Tonian rocks of, 280; fossil Beptilcs 
from the Carboniferous shales of, 803, 
543 ; generalised siiccossion of the rocks 
from the U|>j)cr Silurian to the Carbo- 
niferous Limestone in the sout h-west of, 
281 ; gold in, 451 ; Lower Carbonife- 
rous rocks of, 21)4; Permian rocks of, 
ik'tf); Silurian rocks of, 172. 

Isle of Man, Silurian r<w!ks of the, 148. 

Italy, Palicozoic rocks of, 421. 

Itiur, M., 18. 

iliickson, Mr., 427. 

Jaquot, M., 418, 410. 

James, Col. 8ir 11., 100. 

Jardino, Hir W., 151, 3.31. 

JelTreys, Mr. J. Owyn, l‘JH. 

Jervis, Mr. W. P., ,318. 

Joans, Kev. J. M., 2(»4, 207. 

Jones, Prof. T. Rupert, 180, 201, 20.5, 
2(K>, 2.30. 2(;4, 207, :tOl, :iU2, 304, 338, 
330, 307, 428, 482, r>07. 

Jourdan, M., 41.3. 

Jukes, Mr. J. 11.. 31, 10.3, 11.3, 117, 17.3, 
170, 183, 282, 204, 205, 3;i.3, 420, 4:)0, 
401. 

Jurassic rocks of California, gold in the, 
470. 

Kane, Dr., 441. 

Katelikaimr, North Ural, view from the 
summit of the, 45.3. 

Ka7.an, Permian rtx'ks of, 312. 

Keilhau, M., 347. 

Keir, Mr.. 117. 

Kelly, Mr. J., 174. 175. 

Kerry, Devonian ris’ks of, 175. 

Ketley. Mr. C., 122. 

Keyserlmg, C'oimt A. von, 8, 17. 21, .3.;.\ 
338, 3, 3‘t, .301, .371, 480; striilso 'Russia 
and tiie Ural Mountains,’ 

Kildare, Chair of, 174. 

Killery llartnuir. 180. 

Kiiiulmn. Mr. R., 20. 

King. Mr.. 471. 

King. Prof. W.. 15, 310, 328, 3,’IU, 3^15- 
3-10. 

Kirkbv, Mr. J. W., 301. 310,328. 1138- 
341*. 

Kirkcudbnghtuhiro, Silurian i\a*ks of, 

Klein Neundorf, 3‘J4. 

Kner, Dr., 240, 

Kimgslvrg, silver-ores of, il52. 

Koninek, Prof, de, 18, 223, 270, 32;i,:i30. 
308-401.411, i'»44. 

Kovanku, M., 18. 

Kramensel-Stein, .3i¥». 

K upfer-Sehiefpr. 3 1 0. 

Kutorga. M., ;i.'»8, 3413. 

Kjerulf. M., 340 348. 3r>2, ;V53, 

KyOmuser, 310. 

Ijihrmlor series, 12. 

iMdeganrdt-d, 340. 


* Ijaidlaw, Mr., 148. 

Lambert, Mr. Alan, 92, 93, 97. 
Lamollibranchiata from the Caradoc for- 
mation, 08 ; Coal-measures, 301 ; Llan- 
doilo formation, 48 ; Lower Silurian 
rocks, 100 ; Middle Devonian, 278 ; 
Permian rocks, 3il0 ; Upper Devonian, 
270; Upper Silurian r(K*ks, 228. 
Irfimmennuir Hills, Silurian rocks of the. 
153. 

].«anarkshire, Carboniferous rocks of, 202 ; 

Upi>cr Silurian rocks of, JOO. 
Lancashire, Permian rocks of, 331 ; Silu- 
rian rocks of, 140. 

Ij:md-)>lnntB, first apjicarance of, 478. 
Ijiinkester, Mr. K. Ray, 244.). 
j lijirtet, M. L., 410. 

Liurcntian rocks of Bavaria and Bm- 
; iieinia, 372; ^'inland. .VH); North 
! America, 425 ; the north-western 11 igli- 
I lands, J(kl. 

I ljiiurcntmn the base of tlie Pahcozoic 
rock.s, 0. 

liUim‘ntido Mountains, 441. 
j Lawlcy. tlic, 04, ().). 

i Jif^lhuiy’, setHion from the Malvern IIIIIm 
I to, 05. 

Lm‘ 8, Mr. Edwin, 00. 

!/» Hon. M., 22.3. 

Kcid>, Dr, J., 432. 

I><*mic-Selii4'fcr, 305. 

L^pidcKlciulron nothum, 200. 

. ? mots ot, 2t>0. 

L’ptn na tH*ri(va, 103. 

tcmiu'iticta. 104. 

<|uin(juefostata, UM. 

: Prut J.. 413. 

' l/‘smaluigo, 1(>1 , Old Red SundstA>nc ot, 
i 24.S 

IjcsqmToux, Prof., o40. 

L*iu’lilcnb(‘rg. Due dc, 100. 
l>*wiK, R^w. T. T., 5, llti, no, 128, 12;), 
Ki,3. 

Lt'unerie, Prof., 414, 417. 

Liehos AnglieuN 234. 

Barrandii, 234. 

luvatus, 204. 

Liekev, Upjx’ir Llaudiivery rcK*k8 of the. 

RK). 

Lielw. Dr.. 322. 

Lielx'nstcin. 321. 

Lift*, general view of aneient, 470. 
LighiUslv, Mr., 12>. 13;), 140. 141. 

! Luullcy. Dr., and Mr. Hutton, 200, 207- 
Lindstroiu, Dr.. 22t)-222, 278. 

I Lingula attciuuta, 51, 103. 

I eormti, 141, 102. 

j crumena, 08. 

: (Lingulclln'l Davisii, 43. 51. 

, gnuudata, 51, 104. 

j Ramsay i, 51. 

— ■ ■ tenuignmulata, 104. 

Lingula-flags of Wales. 41. 

Linlev, Shropshire, Silurian Passage-beds 
at/549. 



INDEX. 


559 


Lmlithgowahire, Carboniferoua rucki of, ‘ 

m 

LiunffUA, determination of Graptolites by, 
5;x. 

Lithostrotion 6orifomie>, 291). 

LitinU's cornu-arietis, 2(H>. 

^Troi'holitepi Iliberniciw. 299. 

Lirinff«t<»no, Dr.. 17. 

Llanbens. rieir of the P*u« of. .*19. 

Llanbi^U'r, Tamnnon nhah^s and Denbigh- 
shire ^nta nouth (if. 193. 

Llaruleilo and rarado.^ r*K'ks ni South 
Wail'S, rt'latiiins of the, 73. } 

Iiland*'ilo I l)ynev*ir Park), 73. I 

Llundetlo tligs and M:hi.sta u-itii \oU'anic 
gnta. alternation of, 7S. 

Llandeilo formation in I3ritis)i North ' 
Amenrai, 43t> : Norway and Swixlen, 
.'toO; Slirtipslure and Mon t.gomery shirt*. 

47 ; Wales, Titt. 

Llandctlo, section near. 55. 

Llandewi Ft'lfry, l’embrokt*9hin\ Llan- 
deilo and ('arad»N- UhIs at, 54. 

Llaiidoterv, gold n*‘ar, 449. 

LUndot»Ty ro«’ks 7t*. fossili of Uie, 207- 
214 , ol Norway and Sweden, 359. 

IdandoTory. rocks m tlio neighhourliood 
of. Ni 

Llandovery rocks, transition from Ix>wcr 
to Tjijier Sduiian, <*Ci. 

Llandrindod Uaths. H|. 

Llungad<K'k, stvtion near, 59. 

IJanrhaiiuir, 99 . ! 

Llanwritd, vii-ws near, 57, 58. 

Llotd. t 'ol., 475. 

Llo’td. Dr.. 5. 133, 2^^. 

Dh-I) Tmv. 172 

Liekliart', Mr. W., 18. 4<»9. ’ 

Lik'an. .''ir W., on tin* I’al.cozoic rooks of 
ilriiiili .\orth .kmer.cH. 431. 

D.iTin Sir W. Iv, Jl, 151, H7. IM. 290, 
j'.h;, :U3. 12 : 1 - 4 . 31 . 131 13 ;, 111. 

L"ni.'iutnd, CamlirMn ro k.. nf lln*. 2.5. 

I/i'i^nitnd to \N'enl(.«'k KL'i*. S'x'tion from 
til-', ^9 

ls)Tis,lalc. Mr. W.. 18. 19, 119, H9, 217, 

2 1''. 271 27<l. 2*.I9, 492. 

Lorien* M di>. 417, 419. 

Diry, M.. 42.3. 

IjOHSicmouth. 29i0, 

IjothiHiis, coal of the, 292. 

Lothians, Silurian rocks of the, 150. 

Uiven, M., :i47, 591. 

Ijower Carboniferous rocks of (}reat Uri- 
tain, 287 ; Ireland, 294. 

Ixiwor Devonian rocks of the Rhino, 394. 

Ixiwer Ludlow rocks, 124. 

Lower Silurian Conodonta, 356, 544 ; 
Oraptolites, 61 ; rocks, 37 ; igneous 
rock» asaociaiefl with the, 49, 76. 79, 5<37 ; 
fossils of tlie, 186-297 ; gold in the, 449 ; 
of Australia, gold in the, 495 ; Bohemia 
37 4 ; British North America, 435 ; Com- ' 
wall, 145; Cumberland and Westinore- I 
land, 146; Isle of Bfan, 148; Norway, { 


348; Btt8aia,d55; Sootland, 103; Swe- 
den, 346 ; the United States, 428 ; order 
of Buecesaion of the, 37. 

Lower Silurian to the Up^>er, tmnaition 
from Ute, 85. 

Lower Wenlock Limestone at Corton, near 
rri'steign, 107. 

Ludlow C'astle, view of, 123. 

Ludlow. Old Red Sandstone near, 246. 

Ludlow Promoutoiy, soot ion across the, 
124. 

Ludlow rocks, 123; fossils of the, 216; 
of Norway and Sweden, 352; of Scot- 
land, 160. 

Ludwig. Dr.. 317, 402. 

Lyi'OfMHliaoeout plant from the Old Rod 
Sandstone. 299. 
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gium. 308 ; llritiBh Norili America, 
434 : France, 406 ; Germany, 381 ; the 
Hans, J190; Italy. 421 ; Moravia, 371 ; 
North America, *424, 546; table of Uie 
order of s\nier]H)sition of the, 446 ; Nor- 
way, 3.'»,3 ; Poland, 370 ; Portugiil, 419 ; 
RhoniHh Provinces, 392 ; the Riesongo- 
birgf. 370; Russia, !167 ; Sardinia, 421 ; 
Saxony. 3i:C); Sjtniu, 415; Styria, 360; 
Timrmgia, .'182 ; Turkey, iUiO. 

Pahi'oKou* siuvession of animals, 476. 
Pahistenna primn'va, 225. 

Palmer*'* Cairn landslip, 120. 

Pander. Dr. C.. 102. 34.\ 355-3(xI, 544. 
Paradt'xideM Davidis, 203. 

-- -- llieknii, 44. 

Pareiiiies. Ardoisi's de, 408. 

Parker, Rev. J., sketches by, 30. 
Parkinsun, Mr., 2*24. 

Pnrtseh, M., 371 . 

I'assage-U'ds from the l'p|)er Silurian 
ns'ks into the Old Rod Sandstone, i;i6, 
540. 

Patella Sntiinii, 107. 

Pattismi, Mr. S. R., 270, 480. 

Pem h, Mr. C., lO, 1 *5, 164, 166, 258, 2(’i4, 
26.*<. 260, 478. 

Peeoj»t<*ris biueliitidiM, .'MiO, 

Peebies-shire, Silurian roeks of, \U). 
P.-IJieo, M., 41 6». 

Pembrokeshire, Caradoc I'ornmfion in, 74; 
CarlKiniferous rocks of, 289, Plnndeilo 
formation in, 52. Old Hed Sandstone 
of. 247 ; Silurian rocks of Marlocs Bay, 
143. 

Pi neen, ^k’ll. 

Peiigelly, Mr, 16. 33.3. 

Pennth sandstone 3.31 
Pen t unierus - li iiM'st one, 4;i0. 

JVntaiiieruB lens, IH). 

liratiu, Otb 

oblongus. OO. 

undatuM, IXk 

Peritland Hills, 153, 159, Old Red Hand- 
stone of tlie, 240. 
peritland, Mr, 424. 

Perceval, Mr, 427. 

Percy. Dr., 28, 450, 450. 

Permian life to Secondary, cluinge from, 
481. 

Pehnian risks, 16; of England, 327; 
France, 413; Germany, 3l3; Ireland, 



562 


INDEX, 


335; BuMia, 310, 367; SootUnd, 331 ; 
Spain, 419 ; Spitebergen, 368. 
Petnerwin, 272, ^9. 
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2>Ml, ,39.'), ‘I 2<l, 121. 

.Shells from the Curadoc formation, <58; 
CarboniferotiH l.iinostone, 2*4<9; Cu.d- 
ineasures, ;300 , Lingula- Hags, 43 ; Llati- 
I deilo format loi., 48; Lower Silurian 
! rcM’ks of Knplnnil. 192; Si'otland, i<»5; 

I Middle Devonian, 278; Pornuan ris-ks, 

1 3.39; Silurian r«K*ks of Kiissia, 3.')7 ; 

I I p|M‘r Devonian, 279 ; Uprx-r Llan- 
, <lo\erv riM'ks, '.Ml, upiKTinost iloiie-ljed, 
i rn*ar f.uillow', 111 I |i|»er Silurian rocks, 

J 220; of Scotland, 100. 102. 

I Shelve and Conidon, 20. 

I Shelve, Lower Silurian rtxrksof, 49. 

1 Shetland Islands, Old Ki‘d Sandstone of 
j the, 2.59. 

j Shropshire, Cambrian rocks of, 24 ; Cara- 
doc fonnation in, <>3 ; Carboniferriua 
I rocks of, 288, 2*J0 ; Llandeilo formation 
I in, 47 ; Lower Silurian rocks of, 37 ; 

' Old Red Sandstone of, 244; Permian 
rocks of, 3.3.3 ; relations of the Caradoc 
formation in, 66 ; aection showing the 
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rclationB of the Lower Silurian rooks in 
the west of, 38; Upper Llandovei^ 
rocks of, 88; Upper Silurian Passage- 
beds in, 549 ; rocks of, 106. 

Shumard, Dr. B., 223, 342, 4.32, 433. 

Siberia, gold in, 454 ; Palaeokoic rocks of, 
17. 

Sibyl Head, 176. 

Sid law Hills, 251. 

Sierra Morena, 416. 

Sil(«iii, Pennian rocks of, 323. 

Sill6 le Guillaume, 408. 

Silurian fossils of America, 446, 546 ; Bri- 
tain, table showing tlie vertical range of 
tho, .507. 

Silurian life, 186-242, 477. 

Silurian n^gion, Cambrian rocks of the 
typical, 24 ; igniMius rocks of the, 49, 76, 
537 ; Ijowcr Silurian rocks of tlic iypi- 
(sal, .37. 

Silurian rocks, absence of Pliosplioric acid 
from rocks below the, 28, 5.37 ; general 
suc<*.ession of, 15. 

Silurian rocks of Anticosli, 436, 545; Ba- 
varia, 371 ; Bohemia, 371 ; liritain. 37- 
148 ; thickm^s of the, 184 ; British 
North America, 4.34; Cornwall, 145; 
Cumberland and Westmoreland, 14<»; 
Framv, 407 ; Ireland, 172 ; Lanwishire 
and Yorkshm?, 146 ; Marloi^s Bay, Pem- 
brokeshire, 14.3; Norway, .'148*; Por- 
tugal, 420 ; Kussia, .3.55 ; Scotland, 148 ; 
Symin, 415; Swish'n, 346» ; tlie Harx. 
.391 ; the Isle of Man. 148; the Rhenish 
Pnjviiuvs, 394 ; the UuikM.1 Shvtes, 427 , 
Tliunngia, .’H'l. 

Silurian system ostablislied, ,5. 

Silurian system, i'rimordial zone the bise 
of the, 480. 

Silurian, transition from Lower to Upper, 
85; transition to tho Old Ihnl Saiid- 
sUme, I.'ki, .549. 

Simpson, Mr. A., 862. 

Siphonotri'lu Angli^i, 226. 

micula, 51. 

Skiitschkof. M. C., 18. 

Skiddaw slates, 146. 

Slaty clmvage. 32. 

Slieve Bloom Mountains, 174. 

Sliinoniu iiouniinata. 162. 

Slimon, Mr. R., lllO. 236. 

Smith. Mr. W.. 4. 3.5. ,329. 

Smyth. Mr. W. W., 72. 4r»0, 451. 

Snowdon, Baln-beds of, 41. 

Snowdon nvnge. section across the, 84. 

Soimanofsk Mines in the Ural Mountains, 
455 

St»rby,‘ Mr. H. C„ .34, 3tV5. 

South America, 4i69; PalaHWolc nn'ks of, 
424. 

South Australia, gold in, 46.'!. 

Soutiiern Uplands ofS^vtland, 149, 172. 

Sowerhv, Mr. J. de C.. I.'k3, 186. 

Sjwin, l*aUeoioic nx'ks of, 17, 415. 

Sphtcrexochus minis, 235. 


Sphasronites (Caryocysdtes) munitus, 191 . 
Bphacronites (Echinosphierites) granatus, 

punotatus, 191. 

Spirifer alatus, 339. 

disjunctus (S. Venieuilii), 279. 

striatus, 299. 

Spiriferen-Sandstoin, 393. 

Spitsbergen, geology of, 323, .368, 543; 

supposed Permian fossil from, 368, 543. 
Stack pole rock, 289. 

Staffordshire, Carboniferous rocks of, 288 ; 

Permian rocks of, 333. 

Starfishes from the Lower Ludlow rooks, 
127 ; Lower Silurian rocks, 191 ; Upper 
Silurian rfxjks, 225. 

Steenstrup, Prof., 221. 

Stephen, Mr. G. M., 463. 

Stevenson, Mr. T., 149, 1.5,3, 158. 

Stinehor River, Ayrshire, 155. 

Stinkstein, .316. 

Stij>or Stones, fossils from tho west side 
of the, 48 ; seel ion licross the, 26 ; struc- 
ture of the, .37. 

Stokes. Mr., 440. 

Strachey, Col. R., 18. 

Strnngn'ays, Hon. W. Fox. 345. 

I Strathmore, 251. 

Strc‘phod(*8 vermiculoides, 220. 

Strickland. Mr. II.. 97, KJS, 214, 241, 246. 
.3(;8, .398. 

Stringocephalus Burtini, 278. 
Stroinato)>ora. Koraminiforal character of 
the Silurian. .'►47. 

Stroniutopuru striaMln (S. concent rica). 
218. 

i Strophnlusin cajxTata, 279, 

! lamellosa. 3.3tt 

I Strojdionicna antiquala, 227. 

j compressa, tH>. 

' expnnsa, P.>.3. 

— — - t’unieulata. 227. 

grandis, (»S. 

imbrex, 227. 

piH'tcn, 227. 

tenuistriata. I’kS. 

StTzeln’ki. Dr.. 18. 460, 4tll. 

StulchburA, Mr. S.. 461. 

Stygina lutifrons, 174. 

Murchison lie. 51. 

Stylonurus Symomlsii, 246. 

Styria, Paheoroic riK'ks of, 369. 
Sutherland. Dr.. 440 
I Sutherland, Duehess of, sketch by, 170. 
Siitlierlundshire. geolo^ of, 166 ; liuuriMi- 
tian nn'ks of, 9 ; Old Red Sandstone «»f, 
2:<i. 

Swtillow, Mr., il42. 

Sweden. Silurian rocks of. 34C. 
Swimbridge, 272. 

, Svmonds, Rev. W. S., 45, 92-94,97, 112. 
I * 1,’ki. 240, 247. 
j Syriugopora bifurcata, 120. 
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TaUe of the diTisions of the Owbonift'roiw 
and Devonian strata, 405. 

Table of the order of guper)>osition of the 
laurcntisn, Huronian, Silurian, and 
IVvoninn strata of Canada and the State 
of New York Sic., compared with their 
British equivalents ; with lista of some 
charactenstie fossils. 440. 

Table of the CpiHT Palamatoie rocks in 
Europe, from the summit of the Silurian 
to the I'crinian inclusive. 4()5. 

Table sliowing the vertical ran>;c of the 
Silurian fo»sil» of Britain, 

Taconic uchists, .‘kVi. 

Tawnic system ctpiiralont to tin* QueUv 
group, 4‘Jt‘i. 

Tniiat riicr, dixtriri near the. (K). 
TarnnuiUi slmlr-* and Dcnhiiih-hire gntj* 
f‘Upp<»rt4««l In lltcl'anidiK’ or IJala for- 
niatioM. |(tj 

TnrU't-Ness. K 2tV(). 

Tate. Mr O . lirj 

Ti'hiliiitrhef. M Ti. nv dc. IT. .'ll.'*, .‘klT. 

:{<W .{•J.H 

TchiiHjnoava I ral MoiintJun*»). JUKI 

Teler|»ett«n Kitrmen.'**' age of the nx'k.t 
('ontninini; ‘JtKl 
Tennant. I’ml., UJKl. 

TentJU'uljt**** anglu'u*., 

Tertmrv lile, suinniari of, I*' I, 

Tluva nner^a. ,'il. r.r,». 

simplex. -IS 

triangularis, T.tlt, 

vaLMiiula. . 

Tlavia Swmdeniann ( Porito.s expat inta . 

The -Uild. Mr.. IH 
Theorie*' «if xlaty elnavag*'. Jk'». 

Thenin of wveral glacial ix roxls. r»4S. 
I'liickncju. of the C'aiiihnun and Silurian 
nx’ks of Britain. I'^l 
riioinp.wm, Mr.. 427 
Thoms.iii, Prof. W’wdl*-, 

Th(»m-<*n >ir \V.. 4'.»*,h 
'riinrnieN*e slaU'^, 

Thuringia. Pala.*o/.oic r(H*k»» of, 
Tiiuniigcrwald. IVrmian riH*ka of the. 51 1. 
Tilf#»tones, 1J14. 

Tinnnti. Ka*v. J. H.. UT 
T<»pley, Mr. \V., 4^. 

Tortworth, Cpj»er IJandoTcry rcR'ks of, 
lU). 

T*>wy River. 5f». T.'k 

Traekh of Annelids fr<*rn the I/jwcr Si- 
lurian rocks 2i)l. 

TrenmtiM punctata, im. 

Trenton liinestone, 427- 
Triassic age of the reptiiiferous sandstone.s 
of Elgin and Roms, 2f)7. 

Tnger. M., 407, 401». 

Trilobites from tlie Caradoc formation, 
tiS, 00 ; Carbon i fere »us Limestone, ; 
Lingula*flags, 43-40 ; Llandeilo for- 
mation, 48, 51 ; Lower Silurian nx^ka 
of England, 204; of Irt'land, 174; 


Lower Wcnlook Limestone, 111 ; Pri- 
mordial aone (Lower Silurian) of Wales, 
203 ; Silurian rocks of Russia, 357 ; 
Upjior Devonian, 279 ; Upper Llan- 
dovery rocks, 90 : Upper Silurian rooks, 
234. 

j Trinidad. Petroleum in, 445. 

! Trin ucleus concentricu8(T. Caractaoi ), 204, 
I 205. 

\ (Hmcentricus, var., 51. 

! fiiubrintus. 51. 

I (Bbbsii, 51. 

j — Llovdii, 51. 

I Murchisonii, 41 *^. 

! m'ticoriiis, OB. 

' Tr<»ost. Mr., 427. 

Trx fan, S4. 

TuVkty, PaUeosoic rocks of. J109, 398. 

I 'I'unicr, Dr., 4r)0. 

! Turner, Mr., 94. 

I Tyndall, Pr.it, 34. 

'J’yn-vCiHtl, 59. 

. T\ron»\ Silurian rocks of, 173, ISJt. 

I'lliiiannin s^daginoide.s, 3J10- 

Unger. Prof.. 2t>9, 387. 

Uiigulil»'-grit, i3,')5. 

; rniforniitanunisrii, 48H, 
j Uiiit«‘d States, Carboniferous ro<*ks of the, 
j 4Jfl..'>l0. Devonian nx'ks of the, 4JM), 
r>hi , Silurian nn'ks of the. 427, 540. 

I Upliiiids ( Southern) of Sent land, 149,172. 
j Upper Caiubriun roeks, Lingulella in the, 

! .VK) ; ( 'anuloe ( Llandovery ) furnml.ion, 

! 85; Carboniferous nx*ks of England 

and Wales, 295 ; Devonian, fossils of 
the, 27'> ; Devonian rix-ks of the Rhine, 
JKMk 

' Upper Llundoverv roeks, general ordi*r 
of the Upper Silurian roi-ks above the, 

! |90; in jiadiiorKliira, Shropshire, Ifore- 

hinidiire, the .Malvenis, &<!., 88-98 ; to 
the inferior and KU|X*rior de|K)sits, rcla- 
tuuis of the, 89 , Ludlow roek, L31. 

' UpiMT Silurian nx'kn, lfkV144; fossils of 
I tlie, 215 242 ; in Shropshire, relation of 
I the ('aradtx; sandstone to the, 04; of 
Bohemia, Ji75 ; f umherland and West- 
i niorelarid, 147, Kdmhurghsliirc, 159; 
j Ijanark.sliire, UKi ; Norway, J148; Rus- 
sia, J{58 ; Swwlen. .‘149. 

Upper Silurian, transit lou from Lower to, 
85. 

Ural Mountains, auriferous r<x:ks of the, 
452 ; C’arlsmiferous ami Devonian roeks 
of tlie, JMKJ ; view' of the (iurnuiya Hills 
in the, 312. 

■ t'tica slate, 428. 

Valdai Hills, section in tlie, \WA. 

Valenciennes, M., 5(Ji. 

Vallet, M., 423. 

Vanuxem, Mr., 427. 

V«x‘chi, Sigri., 422. 

! Verneuil, M. de, 8. 17,21,42,347,352, 
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360, 371, 394, 397, 407-433. See also 
BuMia and the Uml Mountoinii,/>aMm. 

Vertehrata^ 6fit ap^ranoe of, 477. 

Vietoria, gold in, 462. 

VilanoM, Prof, 419. 

Volborth, Prof., 190. 

Volcanic breccia or ash, 77. 

Volcanic d^eotione in the early Silurian 
period, 78. 

Volcanic ^its, alternation of Llandeilo 
flags ana schists with, 78. 

Vtilga River, Permian rocks of the, 312. 

Volkiiiann, M., 538. 

Wahlenberg, M., 347, 539. 

Welch, Mr., 539. 

Wales, Cambrian rocks of North, 29 ; Ca- 
radoc formation in, 70 ; Carboniferous 
rcMjkH of, 288 ; Coal-measurcH of, 2il5 ; 
gold in, 449 ; Llandeilo formation in, 
50 ; Lingula-flags of, 41 ; Old Red 
Sandstone of, 243. 

Well. Mr. J. P.,446. 

Wartburg, 310. 

Warwick, llyperodapedon from near, 2(57. 

Warwickshire, Permian rocks of, 334. 

Wah^rford, Silurian rocks of, 174. 

WaUien, Mr. G. II., 4(52, 407. 

Watt, Mr. Gregory, 117. 

Weald of Kent, Sussex, and Surrey, denu- 
dation of the, 493. 

Weaver, Mr. T., 172, 176, 461. 

Webster, Mr. T., 25. 

Weiss-liegende of Gennany, 314, 

Welsh Pool, view of the Breiddon Hills, 
near. 80. 

Wenlo(5k Edge, 04, (55 ; view of, 1 15 ; to 
the Ixiiupiiynd, soctiem from, 89. 

Wenlock Limestone, Ixiwer, 107 ; UpiJcr, 
115; fossils of the, 216 ; of Norway and 
Sweden, 3f»l. 

Wenlock shale, 113, 

Wennian, Rov. W., 247. 

Westgarth, Mr., 407, 

Westmortdand, Permian rocks of, 331 ; 
Silurian rooks of, 140. 

Wetth««, 89. 

Wexford, Silurian rocks of, 173. 

Whew^, Rev. Dr., sketch by, 1 18 ; quoted, 

490. 


White, Dr. M. C., 646. 

Whiteness, 251. 

Whiteway Head, 124 ; Tiew of, 128. 
Whitn^, Mr. J. D., 425, 427, 470, 471, 640. 
Whittery quarries in Marrington Dingle, 
view of one of the, 77. 

Wick, 258. 

Wicklow, gold in, 451 ; Silurian rocks of, 
173. 

Wicklow, Earl of, 451. 

Wigmore, 124. 

Wictonshire, Silurian rocks of, 15.5. 
Wilkinson, Mr., 4(55. 

Williams, Mr., 8(5. 

Williams, Rov. D., 272. 

Williams, Rev. Stewart, 80. 

AVilson, Mr. J. S.. 462. 

Windermere rocks, 147. 

Windsor, Baroness, sketch by, 123. 
Wisconsin, geology of, 433. 

WisHcnbach slates. 394. 

Woodward, Dr. S. P., 105. 

Woodward, Mr. IL, 28, 152, 230-240, 
.‘502, 507, 542. 

Woolhope Limestone, 107. 

Woolhf^, near Hereford, Lower Wen- 
lock Limestone of, 109. 

Woolston, 89. 

Worcestershire, Permian rocks of, 33i5; 

Upper Llandovery rocks of, 100. 
Worthen, Mr. A. H., 546. 

Wrae limestone, 153. 

Wrekin, 65. 

Wren’s Nest, 117. 118. 

Wright, Dr. E. Perceval, 543. 

Wyre Forest, Permian rocks of the, 334. 

Yandell, Mr., 223. 

Yat Hill, 108. 

Yellow sandstone of Ireland. 283. 
Yorkshire, Carboniferous rocks of, 288 ; 
Permian rocks of, 327; Silurian rocks of. 
140. 

Znri'TO Alexandn)fsk, gold-diggings at, 
457. 

ZtH'hstein of Germany, 313. 

Zeuschner, Prof., iK54. 

Zones of marine life, 487. 


TUE END. 
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